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EXECUTIVE SUMMARY

The U. S. Air Force Avionics Laboratory has sponsored the desi gn ,

fabrication and testing of an advanced development model of the Standard

Electronic Module Radar (SEMR). The SEMR design is the first application

of the components and concepts of the Tn —Service Standard Electronic Module

Program to an Air Force avionics function. It is functionally comparable

to the APN 59/B weather radar installed in C—130, C—l 35, and C—14l aircraft.

In order to evaluate the life cycle cost (LCC) characteristics of the SEMR,

two parallel life cycle cost studies were performed for the Avionics Laboratory

by Ba tt elle ’s Columbus Laboratories and the Norden Division of United

Technology . Subsequently,  the Air Force dec ided to sponsor a stud y to develop

life cycle cost estimates for a functionally equivalent solid-state radar

employ ing the typ ical des ign concept of custom sub—assemblies ar.d compare

the estimates to the previously developed SEMR estimates. This report

presents the  results of the LCC comparison study.

The approach fol lowed in th is stud~: involved :

1) Selecting a solid—state radar for use in the comparativt
analysis.

2) Collec ting the necessary acquisition and logistics data.

3) Formulating baseline LCC estimates for three force options
(the C—130/C—135 force , the C—141 force , and a comb ined
force) using procedures and assumptions consistent with
those used in the previous Battelle study of the SEMR.

4) Performing sensitivity analyses on the LCC estimates to
identify the effects of operationa l variables and the effects
of crit ical study assumptions.

5) Compar ing the LCC es t imates  for  the  f u n c t i o n a l l y  equ iva l en t
radar to the LCC estimates for the SEMR .

6) Evalua ting the implications upon the LCC comparison of design
changes to the SEMR conceptualized by the design ing agency .

The APQ—1 22 (V)5 radar system was selected as the comparison radar

because it is a solid—stat e design. It was develop ed as a candidate for

replac ing the APN—5 9/B systems in the C—130 , C—135 and C—1 41 aircraft , and

relevant data were available from a variety of government organizations and

sources.
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The formulation of the baseline LCC estimates involved the

following steps:

1) Determination of the subset of APQ—122 V(5) system components
which , in total , was functionall y equivalent to the SEMR
system configuration included in the previous LGC study .

2) Adjusting historicall y available APQ—122 v(5)  data.

3) Structuring the input data necessary for the Generalized

~lectronic Maintenance Model (GEMM) computer program to
comp u te cer tain log istic support cost subtotals.

Detailed descrip tions of the da ta analysis assump tions and procedures are

included in this report.

Sens itiv ity analyses were penformed on the LCC estimates for the

APQ—122 V (5) based system to assess the implications of operational variables

and reliability assumptions on support cost estimates and the implica tions

of economic escalation factors and progress curves on acqu isiti on cos t

est imates.

The comparison of the LCC estimates for the two functionally

equivalen t configurations resulted in the following primary f i nd ing s :

1) When using data collection and analysis procedures and
assumptions consistent with those used in developing SE-~R
LCC estimates , the baseline LCC estimates for SEMR —e qu i al en t
APQ—122 systems were computed to be approximatel y 40 percent
less than the SEMR estimates.

2) The SEMR—equivalent APO—122 LCC estimates were found to hu
sensitive to the assumptions made regarding progress curve
fac tors , economic escalation factors and system reliabi lity
estimates. Howeve~~, the LCC estimates remained lower t~ an
the comparable SEMR LCC estimates over the examined ranges
of these critical variables.

Because there is considerable uncertainty associated with all fore—

casting of future costs , these findings should not be generalized to indicate

that use of standard electronic modules could not be of value to the Air Force

in other appl ica t ions  such as s imulators  and limi ted quantity ground based

electronic systems .
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SECTION I

INTRODUCTION

This report is the final product of a contract research

stud y conduc ted for the U. S. Air Force Avionics Laboratory by Battelle ’s

t~olumbus Laboratories . A previous stud y conduc ted by Battelle analyzed
the life cycle cost (LCC) characteristics of , and formulated discrete

LCC estimates for the Standard Electronic Module Radar (SEMR) . The

results of that stud y were published in AFAL TR—77—25. (Reference l)*

The SEMR represents an application of the TRI—SERVICE Standard Elec-

tronic module program design concept to an Air Force Avionics mission .

The purpose of the stud y documented in this report is to compare the

SEMR LCC estimates to LCC estimates for a solid—state radar functionall y

similar to SEMR but designed in the convential custom sub-assembly

manner. This requ irc-~ the following basic steps:

1) select a radar for comparison

2) formulate LCC estimates for the selected radar using

consistent procedures and assumptions

3) compare the results.

The APQ—122V(5) radar system manufactured by Texas Instruments , Inc.,

was selec ted by the Battelle stud y team as the most comparable solid—
state system for which data were accessible from Government sources.

The remainder of this section of the report includes a back-

ground discussion on the SEMR program , a review of the previous SEMR

life cycle cost stud y, the objectives for this study,  and an overview

of the organization of this report.

*Refe rence l ist  is presented at the end of the main text of this

report.
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1.1 Background

The Tn —Service Standard Electronic Module Program (SEMI’) is
an outgrowth of the U.S. Navy ’s Standard Hardware Program (SlIP) which

began in the earl y 1960’ s. The SEMP represents an in tegra ted design

and log istics support  concept.  The SEMP design concep t involves the

integration of system — independent , functionally—unique standard

electronic modules (SEMs) into a mission—specific system. As described

in References 2 and 3, f ully qualified SEMs are subject to physical
and electronic interface specification and strict manufacturing quality

control. The SEMP logistics concept focuses on the discard—at—failure

philosophy. This concept is economically fe asible for  SEMs becaus~...

(1) the uni t  cost is low and (2) the design review and quali ty con trol
features of SEMP enhance the module—level reliability.

The SEMR program represents the first fabrication of an Air

Force avionics  system using the SEMP des ign concept. Under AFAL fund-

ing , the Naval Avionics Cen ter (NAC)* desi gned the SEMR and fabrica ted
two sys tems for  envi ro nmental and f l ight testing. Fl ight  t e s t i n g  was

conduc ted in an NKC—l35 aircraft by the 4950th Test Wing and completed

in 1978. The SEMR program was a portion of a larger effort at the NAC

referred to as the Modular Radar Program (MRP). A brief configuration

descri ption of the SEMR is presented later in this report. However ,

more comprehen~;ivc information on the MRP effort and the SEMR design

can be found in References 4, S, and 6. •

In order to investigate the life cycle cost imp lica t ions of

the SEMI’ design and log ist ics concepts in an Air Force avionics main-

tenance and support environment , AFAL sponsored two independent SEMR

life cycle cost studies. Parallel stud y contracts were issued in

1976 to Battell e ’s Columbus Laboratories and the Norden Division of

the United Technolog ies Corporation . The statement of work for those

studies stat ’d the  study objective as follows :

“The objectiv e of this program will he to provide life
cycle cost data to quantif y anticipated savings achieved
when us ing Standard Electronic Modules (SEM) in Avionic
equipment. Th e Standard Electronic Module Radar (SEMR),

*Formerl y de s1~ nated the Nava l Avionics Facility—Indianapolis (NAFI)

2
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under development by AFAL as a SEM demonstrat ion equipment ,
will serve as the analysis vehicle for th is  program . The
investigations performed will provide a detailed evaluation
of the impact of the SEM ph ilosophy on equipment l i fe  cycle
costs , including variations in maintenance s t ruc tu re , level
of BITE , and throw—away vs. repair of modules. ” (Refe rence
Contract #F336 15—76—C— l336)

Not e that the SEMR design was envisioned only as a demonstration of the

SEM concept and a vehicle f or the analy sis of SEM li f e cyc le cost

implications. The results of the Battelle study are presented in

reference 1 and are reviewed in the next section of this report. The

results of the Norden study were published in reference 7.

Following the completion of the previous LCC studies , AFAL

dec ided to fund a study which would compare the results of either of

the previous studies with the LCC estimates of a functionally similar

radar. Battelle was awarded this study following a competitive procure-

ment process.

1.2 Review of Previous SEMR LCC Study Results

AFAL TR 77—25 pre sented an analysis of the l i f e  cycle cos t

charac teristics of the SEMR as designed and fabricated by NAC . The

st ud y app r oach used by Battelle in that study focused on the implica-

tions of the SEMI’ concepts on Air Force avionics and used both quali-

ta t ive and quantitative f ac to r s .  The l i f e  cycle cost est imates for

the SEMR design in three retrofit app lica tion programs were the p r imary

quantitative results.

The conceptual  ret r o f i t  programs used in s t ruc tu r ing  the SEMR

LCC analysis involved rep lacing most of the components of the APN— 59/B

radar system in the following aircraft:

1) 1, 900 C— 130 and C—1 35 aircraft

‘)) 276 C—141 aircraf t

3) 2,176 uni t combined force of C—l30 , C—135 ,. and C—141

ai r c r a f t .  Along w i t h  q u a n t i t y  of a i r c r a f t  equi pped , l i f e  cy cle cost
ana lys is  results are most sensitive to the length of operational life

an d the equipment utilization rates. Therefore , the basic LCC estimates

for  SEMR were presented in Tables 15 and 16 of AFAL TR 7 7 — 2 5  by showing
the r e s u l t s  of t h ree  ope ra t iona l  l if e  va lues  (10 ,15 , and 20 yea r s )
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and three use rates (low , medium , and high) for each of the three
r e t r o f i t  programs . The nominal values used for these parameters
were 15 years of l i f e  and an historical  u t i l i zat ion  rate for each
a i r c r a f t  type (C—1 30 /C —l35  use ra te  of 1.88 hours per day , C—14l

use r a t e  of 3.07 hour s pe r day and a weighted average of 2.07 hours
pe r d a y ) .

Si n ce Tables 15 an d 16 in AFAL TR 77—25 represent the

basic LCC estimates fo r  the SEMR desi gn (as fabr ica ted  by NAC ) ,  those

estimates and the assumptions and procedures used in develop ing those

estimates serve as the  re fe rence  point for  the comparison stud y

documen ted in this report. Tables 1, 2, and 3 of this report present

the SEMR LCC estimates as developed in AFAL TR 77—25 for the three

r e t r o f i t  app l i ca t ions . The base l ine  r e s u l t s , using the nominal  l i f e

and use ra te  values , are shown as the first column in each table.

The format of Tables 1 , 2, and 3 is slig htl y d ifferent than that used

in AFAL TR 77—25 and will be used for presenting the subsequent AI’Q—

122 LCC estimates.

1.3 SEMR Comparison Stud y Objec t ives

The general objective of AFAL I L  sponsor ing  t h i s  s tu d y was ,

as stated in the s t i t ’r~ent of ~cork , “to determine the impace of standard

electronic modules (Sl1~ s) upon the life cycle cost (LCC) of avionic

equipm ent. ” The scope o1 the investigation was limited to developing

LCC estimates for ,a radar functionall y sim ilar to the SEMR hut which

employs conven tional design concepts and comparing the results with

the pr ev ious SEMR LCC es t i m a t e s .

The spec ific objectives established in planning this stud y

were ;i ~~ follows :

1) To select a solid—state radar functionall y similar to

the SEHR f o r  use in the comparative anal ys i s

2) To collect the needed acquisition and log istics data

for  the comp ar able rad ar sys tem

3) To formulate baseline LCC estimates for the comparable

system using the same procedures , assumptio ns and l i f e

cycle  cost model as u sed in the SEMR LCC study
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4) To conduct a sensitivity analysis of the LCC estimate

of the comparable system to iden ti f y imp lica t ions of

key operational parame ters and cr it ical stud y assump t ions

5) To compare the LCC estimates for the conventionally

desi gned radar system to the SEMR LCC estimates

6) To evaluate the Imp lica tions of potential SEMR design

changes conceptualized by NAC (in reference 6) upon the

SEMR LCC comparison.

A final objective of the stud y was to document the data collected for ,

procedur es used In , and findings of , the stud y in a manner which will

assist AFAL in making decis ions relative to the life cycle cost implications

of SEMs upon avionic equi pment.

1.1- OrganizatIon of This Report

This introductory section has been prepared to provide the

background for the SEMR LCC comparison and state the objectives of

the study. The next section of the report will briefl y descr ibe the

stud y approach. Tha t section will be followed by the technical discus-

sion section. Both of these sections will sequentia lly address t h e  six

study objectives listed in this SectiOn. A summary of findings and

conclus ions w i ll comp l ete the main text of the report. Additional

material following the main text includes a list of references , a

series of appendices  present ing detailed inform ation , and a l ist of

abbrev iations arid acronyms used in the report.
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SECTION II 
- 

-

STUDY APPROACH

This section b r i e f ly describes the approach followed in

per fo rmi ng the study tasks. Emphasis was placed throughout the

performance of this study on maintaining procedural and analy tical
comparability with the previously developed SEMR LCC estimates.

2.1 Selection of a Comparable Radar

The primary selection criteria the radar for the LCC compari—

son to SEM R were es tablished by the statement of work. These were as

follows :

• the system must be functionally similar to SEMR (Le.,, an

airborne weather radar)

• the system must use so l id—sta te  technology

• the system design archi tec ture mus t r e f l ec t the conven tional

line rep laceable unit/shop replaceable unit (LRU/SRU)
maintenance concept where the SRUs are custom assemblies

and custom circuit boards.

Addi tional criteria used by Battelle in selecting the system for

comparison included :

• similarity In program development history

• availab ility of data.

The APQ—122 V(5) system was selected by Battelle during the

proposal stage of the stud y as the comparison sys tem because:

• the system was developed as an APN—59/B rep lacemen t

candid ate using an LRU swap—out retrofit capability

(reference 8)

• the design employs solid— state technology

• the design consists of LRU ’s composed of custom SRU ’s and
the majority of the SRU ’s are repai rable  a t the depo t level

of repair

• the system was developed under a Government contract

• it was anticipated that development , acqu i s ition , and
logistics data would be readil y available.

9
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A compa rative desc r iption of the two radars is presented in the

Technical Discussion section of this report.

2.2 Collection of Data

Data were collected from several sources during the study.

Specific sources and types of data include:

• development costs — ASD/AE procurement files (reference 9)
• acquisition cost estimates — contractor reports (reference

10) an AFIT thesis (reference 11), and current AFLC records

(reference 12)

• design reliability estimates — APQ—122 V(5) manufacturer

(reference 13)

• logistics suppor t da ta — AFLC log istics management systems.

These sources were used to collect information which is consis-

tent with the types of information used in develop ing the SEMR LCC

estimates. The detailed data is described and presented in the

Technical Discussion section of this report.

2.3 FormulatIon of Baseline LCC Estimates

The approach to this task involved the following four steps:

1. Identification of APQ 122V(5) components in a SEMR—

equivalent APQ—122 system. This was necessary bec ause
the SEt-fR system utilizes the APN—59/B antenna and stabili-

zation data generator. -

2. Adjustment of historical APQ—l22 acquisition cost data.

This involved appl ying a different learning curve and

making an economic inflation adjustment for the different

fiscal years.

3. Structuring input data for the LCC model. The collected

i n fo rma t ion was prep ared f or the LCC mod el us ing the
same pr oc ed u res as were used in the SEMR LCC study The

LCC model  used was the same Generalized Electronic Main—

tenance Model  (C’.Et-U’l ) computer  program ( r e f e r e n c e  14) used

In the previous stud y.
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4. Interpret the LCC model computer generated results. This

involved adding LCC cost category subtotals to the computer

output (e.g., retrofit and training) in the same manner

used in the SEMR LCC stud y.

The detailed pr ocedures and r esults of each of the above steps ar e

presen ted in the Techn ical Discussion section .

2.4 Sensitivity Analysis of LCC Estimates

Specific LCC estimates reflect the results of many assump—

tions and in termedia te  calculations.  Therefore , sensi t iv i ty  of the

quan titative results to key assumptions should be analyzed before

drawing conclusions from any specific estimate. In this study,  sensi-

tivi ty anal yses were performed in four areas. These analyses cons idered

the effects of:

• vary ing opera t ional parameters

• an alternative maintenance policy

• quantity—price adjustments

• economic adjustment factors.

Discussions and results of these analyses are presen ted in the Technical

Discussion section.

2.5 Compar ison of LCC Estimates

The compa r ison of the SEt-fR LCC estimates and the SEMR—equiva—

lent APQ—l22  system LCC es t imates  was made a t  three  levels of aggrega t iOn .

TImt~ - t are:

• the nine discrete cost categories as used in the previous

SEMR stud y

• aggregation of the nine categories into three elements—

acquisition costs , initial logistics costs and recurring

logistics costs

• the estimated life cycle cost totals.

Results were generated in tabular and grap hical format and discussed

in the Technical Discussion section .

11
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2.6 Evaluation of Conceptual SEMR Design Upda te

In the NAC final report for the SEt-fR project (reference 6)

several design changes were hypo thesized to reflect “lesson learned”

during the fabrication and testing phases. These were reviewed by

Battelle in an e f f o r t  to i d e n t i f y  any si gn i f i can t  imp l ica t ions  upon

the LCC comparison results.

f
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SECTION III

TECHNICAL DISCUSSION AND RESULTS

This section identifies and discusses the procedures and

assump t ions used in formu la t ing SEt-fR—equivalent APQ—122 LCC estimates

and presents the results. The material is presented in a sequential

manner with each subsection building on the previous subsection . The

sequence corresponds to the list of objectives in the Introduction .

3.1 Comparison of Radar System Designs

The rationale for selecting the APQ—122V(5) radar system

for an LCC comparison to the SEMR is stated in the first subsection

of the Study Approach Section . Although certain technical characteristics

of the designs directl y influence the LCC estimates , a comparison of

the operating characteristics of the two systems is not within the

scope of th is stu d y. It is sufficient to note that both have been

fli ght tested in C—l35 aircraft and independently compared to APN—59/B

operating characteristics (references 8 and 15 , respectively). In

addition , operating characteristics of the APQ—122V(5) system are

contained in an official Air Force Technical Order (reference 16)

and a full technical description of the SEMR is contained in NAFI

TR—2l51 (reference 17).

The primary d ifferences in the designs which effect life

cycle costs are the differences In LRU/SRU configuration and in the

associated maintenance phi lo sophy.

In the following paragrap hs , the f ull , operational system

conf igurations arc- identified and compared and then the equivalent

sys tem conf iguration for the LCC analyses are identified . Subsequently,

the maintenance ph il osophy of each system is compared .

3.1.a Phys ical Conf i gu ra ti on D i f f e rences

Al though both the APQ—l22V(5) and SEt-fR systems were designed

as functional replacements for the APN—59/B , they d i f f e r  in LRU

configura tion . The APQ—122V(5) system was designed under con trac t to

13

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _  — -



be considered as a replacement  fo r  the APN—59/B systems in opera t ion .

During the 1970—1973 time period , various organizations in the U.S. Air

Force were involved in evaluating the technical and economic feasibility

of replacing the APN—59 / B systems with APQ— 122V(5 )  radars ( reference 11).

(Ul t imate ly ,  t he Air Force Logistics Command opted to modif y cer tain

LRU s of the APN—59/B in lieu of rep lacing the entire system.) In

con tras t , the SEMR was designed and fabricated as only a demonstration

of the SEM concept and AFAL has not advocated SEMR as a full—scale

APN—59/B replacement candidate. Pr imarily because of the difference

in prog ram objec ti ves , the respec ti ve desi gner ’s (Texas Instruments

and NAC ) chose d i f f eren t LRU con f igurations. In the APQ—122V(5) case ,

retrofit cost imp lications pressured the designers to pursue an LRU—

exchange design s t r a t e gy .  This strategy was considered by NAC as one

option among several (reference 15). However , LRU exchange requirements

were not imposed on SEt-fR and the set was desi gned to permit demonstration of

the built—in—test and discard—at—failure maintenance features of the SEMP

design concept. This resulted in a prototype desi gn which was not necessa-

rily optimized for minimum life cycle cost when operated in an Air Force

operational scenario.

Because the APQ—l22V(5) and SEMR designers chose different

LRIJ design strategies , it is neces.’arv to relate both of the LRU

configurations to tlit APN—59/ B l~RU configuration before a direct

comparison can be made. Fi gu re 1 presents the LRU c o n f i g u r a t i o n s  f o r

the  t h r ee  radar  s y s t e m s .  The sources  of t h e  i n f o r m a t i o n  in Fi gure 1

are references 8 and 19. The A P N — 5 9 / B  LRII c o n f i g u r a t i o n  is shown in

the middle of figure 1. The manner in which the functions of the

APN—59/B LRU ’s correspond to APQ—122V(5) and SEMR LRU ’s is shown us ing

arrows ( b ) , brac es ( H ) ,  and equal signs (=). Where arrows meet at

an equal s sign the respective components are functionall y eq~~ ~alent .

For ex am p le , the A PN— 59/B electronic control amp lifier is shown as

functionall y equiv alent to the APQ—122V(5) electronic control amplifier

and the SEt-fR antenna control electronics unit. Where braces are used ,

the  f t i n c t  I nn s  of sevc-r al  A P N — 5 9 / B  LRU ’ s am-c grouped In one (or more)

LRU In  the other system. An arrow drawn directl y from an APN—5 9/H

LRU t o  an LRIJ In ano ther  s y s t e m  In d i c a t e s  t h a t  t h e  componen t is
ident  lc.i l and has in - en  p r o v i d e d  to the  r a d a r  s y s t e m  as government
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furnished equipment (CFE) . Examp les of this inc lude the SEMR antenna

and the s t a b i l i z a t i o n  data generator.  As shown in f ig ure 1, two APN—59/B
system func t ions  were deleted from the SEMR desi gn and four SEMR LRU ’s do
not have cor responding A1’N—59/B (or APQ—l22V(5)) LRU ’s.

3.l.b LCC Analysis Configurations

The SEMR LCC analysis reported in AFAL TR—77—25 did not

Include the government furnished antenna and stabilization data generator

LRIJ ’s. In addition , two SEMR configurations were evaluated for the

different a i rcraft to reflect a C—l4l p ilot operable system. During the

APQ— l 22V(~,) dev e  l o p mt - n t  t imo period , the C—14 1 confi guration was

essentiall y identical t o  t h e  C—1 30/C—l35 confi guration . The APQ—122V(5)

sys tem c o n f i g u r a t i o n  mu s t , t h e r e f o r e , be m o d i f i e d  in order to allo~ LCC
compar i sons  be tween  f u n c t i o n a l ly  equivalent sy s t ems . Table 4 p re sen t s

the LRU c o n f i g ut a t i o n s  c o n s i d e re d  in the  subsequen t  LCC ana l y s i s .  Since

the  LK ’J c o n f i g u ra t i o n s  show-n in Table  4 do not r ep resen t  the comp l e t e

A P Q — l 2 2 ~~~5) sy s t e m , t in-  c o n f i g u r a t i o ns  w i l l  be r e f e r r e d  to as “ SEMR

equiv alent A PQ—12 2 rad amo ” fo r  the r ema inde r  of t h i s  r e p o r t .  In some

Instances only t h e  term “APQ— 12?” will be used .

3.1.c LRI1 Mal ni eiia:ir c Philosoph y Comparison

The m a i n t e n a n c e  ph i l o s o p h y b e i n g  used fo r  the limited number

of A P Q — 1 2 7 V ( 5 )  sy s t e m s  in  t h e  Air Force  i n v e n t o r y  i n v o l v e s  the  s t a n d a r d

three  l e v e ls  of maintenanc e ; t h a t  is , the  s y s t e m  is r e p a i r e d  by cx —

changing LRI’’ s on the fli gh mt line , th e LRU ’ s a r e  r ep a i  red a t  base level

by e x c h a n g ing  SRU ‘ s . m ud the r ep a i r ab l e  SRII ‘s are repa i red at the depot

The n u m b e r  of  SRET ’ in each LRIJ of t lie SEMR—eqmi i v i  l en t  AP Q— l 22 Is

shown in Tah it 5. 11W n u m b e r  of SRI ’ s d i s c a r de d  at  f a i l u r e  is a 1 so

sh own In Tab l e  5.
In  co st  ra- ; t t o  the  A P Q — l 2 ?  m a i n t e n a nc e  concep t , the  m ain-

t enance  concep t  modc-li-d I o t h e FEMR LCC s t u d y i n v o l ve s  more SRU

level items (p r  I - .i r 11 ; l -1 ~t - ) h ’  lu g  (1 i sc a rd e d  upon r em o v a l  a t  base

lev c I - Tab 14 
~ 

r I  - o S  t S the SlMR ma in  t t r i m nec ~-oncep t info m a t  Ion
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TABLE 4. LRU CONFIGURATIONS FOR SEMR—EQUIVALENT
APQ—122 SYSTEMS

~~~~~~~~~9~p .nt i ty  Included in:
C—130/C—135 C—141 Comb ined

________ 
LRU Name Analysis Ana lysis Analys is

Electronic Control Amplifier 1900 276 2176

Receiver—Transmitter 1900 276 2176

f Radar Control 1900 276 2176

Sweep Generator 1900 276 2176

Antenna Control 1900 276 2176

Pilots Indicator 1900 276 2176

Nav igators Indicator 1900 0 1900

TABLE 5. M A i N t E N A N c E  PH ILOSOP H Y OF A P Q — l 2 2  SYSTE M

Number of Modu les  Number  of E x c h a n g e a h l e
Exchangeable at Modules Discarded

Base Level 
-- 

U~~ n Remova l____

El ectronic Control Amplifier 14 2

Recciver— TrausmiLter 20 3

Radar Contr ol 3 2

Sweep Genera tor 14 3

Antenna  C o n t r o l  1 0

Pilots Ind i cator 9 4

Nav i pators indicator 22 3

TOTAL 83 17

17
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TABLE 6 . MA INTENANC E PHILOSOPHY FOR SEKR SYSTEM

Number  of Modu l es  Number  of E x ch a ng e a b l e
Exchangeabl e at Modules Discarded_____- LRU Name Base Level 

— 
Upon Re~~~ a j_ _

Receiver—Transmitter 193 187

Modula tor 3 1

Antenna Control Electronics 34 34

Display Electron ics Unit 127 127

Remote Radar Conlrol* ——

Disp lay Control* ——
Local Radar Control* ——

-
~ Remote BITE Control* — —

Pilot Radar Control * ——

J u n c t i o n  Box #8*

J u n c t i o n  Box #9* ——

I n d i c a t o r  ~~)* ——

357 349

*Thie ;e control and indicator LRIJs were considered for depot repal r o n l y .

18

4
1’~~~

____ A



-- --- --- ---~~--

analogous to the APQ—122 information in Table 5. It should be noted

that the mai n tenance conc ept used fo r the SEMR LCC study did not u t i l i ze

the concept of faul t  isolation and removal of the SEMs on—board the
a i rc raf t .  Such a concept would be most analogous to the U . S .  Navy ’s
shipboard maintenance practice.  The removal of SEM s on-board the

ai rc ra f t  was considered to be infeasible in an Air Force operation because :

i) such a policy would require the f l i ght line level supply

poin t t o manage several hundred modules in lieu of a few

LRU ’ s -
2) The majority of the failures in the receiver—transmitter

4
would occur in the non-SEM components which would necessitate

LRU removal for those failures and a dual—level strategy

would be imprac tical , and ;

3) Physical constraints In aircraft avionic bays vary and

are not conducive to handling small modules in extreme

weather conditions.

Add i tional LRU and SRU level information on the SEMR—equivalent

APQ— 122 system is provided la ter  in this section . More details on the

SEMR design are provided In references 1 and 17.

3.2 Data Collection Assumptions

The actual data collected for the APQ—122V(5) system and

components are presented in the next subsection in support of the

basel ine LCC formulation . However , the nature of the cost data collected

and used is important and is discussed in this subsection .

Impor tant to the understanding of subsequent sections is an

exp i m at  Ion of the assumptions used regard ing ‘ pri ce ” and “cost ” -
It is assumed that to a selling organization , the difference between

the “pr ice ” and the “cost t o  p roduce ” a p r o d u c t  is the fee  (or p r o f i t ) .

The fee is usally expressed as a percentage of the “cost—to—produce ”

and i c  nom i n a l l y in t he  8 to 15% range for defense contracting. To

the buying organization , how ever , the “price ” paid to the supplier is

-
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the same as the “cost—to—acquire ” . These def in i t ions  are important here

because Bat te l le ’s acqui si t ion cost estimates f or the SEMR were der ived

using prices quoted or paid for  existing or analogous hardware .*
Spec i f ica l ly ,  the ha rdware acquisition cost estimation involved the use of

quoted prices for existing, inventoried , sta nda rd elect ronic ’s modules

(SEMs) and the use of prices paid fo r analogous hardware systems for  non—

SEM components.  For new development SEMs, price estimates were developed

using enginee ring jud gement based on comparative analysis (comp lexity

and componentry) with existing SEMs. Price estimates for line replaceable

uni ts consis t ing of SEN ’s were made by summing the prices of the appropriate

SEMs, the mounting hardware and the discrete components and adding a 15%

factor for G&A and fee for the integration effort, This relatively small

C&A and fee percentage , applied to the sum, recognized the relative ly high

contribution to the LRU cost of the SEM ’s and the corresponding low

contribution of the manufacturing integration effort. SEMR system level

costs were then computed by summing the LRU acquisition costs (which

alread y included the aforementioned hardware and integration “costs—to—

prod uce” and fees).

Drawing from the approach used for the SEMR analysis , Battelle

collected and used for the current stud y historical government data for

estimating SEMR—equivalent APQ—122 development and acquisition costs.

The next subsection of this report presents an outline , and then a

$ detailed discussion , of a procedure for transforming that historical data

in to consis ten t l y constr ucted APQ—122 cost estimates. In the remainder

of the report , the  terms cost and a c q u i s i t i o n  costs should be in te rpre ted

as “cost—to—acquire ”.

A n o t h e r  i m p o r t a n t  cost re la ted  f a c t o r  is the use of economic

ind ices  to t r a n s f o r m  cost  e s t i m a t e s  f r o m  one f i sc a l year base to another.

Costs used in the SEMR LCC stud y reflected an FY77 base. The primary

APQ—l?2V (5) cost information collected for this project was dated 1971

and assumed to be based on FY72 rates. Two sources of economic indices

* It Is  noted that the  parallel SEM R stud y by NORDEN , as reported in
AFAL TR—77—2 6, u sed a cost—to—produce p lus fee appr oach to acqu isi t ion
cos t e s t i m a t i n g .

20
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we re found during the data collection process.

The f i rst source is a Head q u a r t er s , Air Force Systems

Command letter dated 29 August 1978 direct ing the use of specific

rates for all acquisition cost estimates (reference 20) . Attachment

2F to that le t ter  ident i f ied  an avionics procurement index wi th  an FY77

value of 113.49 and FY72 value of 79 45. Thus , the conve rsion fac tor

from this sourc : is 1.428 (one FY72 dollar equals 1.428 FY77 dollars).

A second source is AFR 172—10 (reference 21). This source

provides an index for military procurement. Values obtainable from

this source are .943 (FY77) and .645 ( F Y 7 2 ) .  Use of these values

wou ld result in an FY72 to FY77 conversion factor of 1.662. However ,

this source also ident i f ies  other , national economy—wide indices.

The wholesale price index (WPI) values for FY72 and FY77 are reported

in reference 21 as .577 and .945. Use of the WPI values results in a

conversion fac tor of 1.638.

The conversion factor value derived from the AFSC letter is

used in the baseline analysis because it is the only index based

strictly on avionics. However , since the procedures used assume a

FY72 design to be built in FY77 dollars without an associated advance

in technology ( in  e i ther  componentry or manufacturing technology), It

could be argued that the WPI based index would be more applicable.

Therefore, the effec ts of the conversion factor will be shown in the

sensitivity analysis discussion.

21

4 
— - —_ - — -- -- — —- —  -_— -

~~~

_ _ - - - - - ——.— - _ -- ------—- .--- - - -
~~

_
~~~~~~

—--—--—- - - - — -— —-

- C.

.1 — 
~~~~~~~ ~~~~~~~_r

T_ ~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~ ., 
- 

- - _



- - - -~~~-~--_~~~~~--- - - -~~~~~ _ - --- ~~~~~~~~~~~---~~~~~~~ - - --- - -- 

3,3 Formulation of Baseline APQ—l22 LCC Estimates

The LCC estimates developed in AFAL 77—25 were presented using

nine cost categories .  The same s t r u c t u r e  is used here .  The ca tegor ies

ar e (1) r esear ch and deve lopment , ( 2) acquisI t ion , (3) ret r o f i t , (4) support
equi pment , (5) initIal spares , (6) replenishment spares , (7) manpower

(maintenance) , (8) training, and (9) transportation . Subtotals for five of

these ca t ego r i e s  are  computed d i r e c t l y  f rom da ta  co l l ec t ed  d u r i n g  t h i s  s t u d y .

Each of these categories is discussed under a s e p a r a te  headin g , . The r .m a i n in g

4 category subtotals wi -re computed using the GEi~Th~ computer program. Therefore ,

information and data for these categori es are discussed under the he-iding

GF2N Inpu t Data. Thus , this sect ion presents the data collected for , assump—

tions proced u res , and results of the  baseline SEMR—eouivalent APQ—122 LCC
es t ima te in the f o l l o w i ng subs ect i ons:

o Research and Development Costs

o A c q u i s i tI o n  Cos t s

o Retrofit Costs

o Support Equipment Costs

o Training Costs

o GEt-IN Inp ut Data

The baseline results are summarized for each force option at the end of this

subsec tion.

3.3.a Research and D ev e l o p m e n t  Costs

In the  p r e s en c e  of the  r e s p o n s i b l e  ASD c o n t r a c t i n g  o f f i c e r , the

proc ur emen t f i l e s  on t he  Texas I n s t r u m e n t s  c o n t r a c t * wh i c h  covered  the

APQ— 1~~2 V(5) development was reviewed . In that fil e , the total prepr oduct ion

costs for the A PQ— l22 V ( 5 ) system were reported as $1 ,837 ,430.  T h i s  amount

inc luded  eng ine~-rIng desi gn and fabrication of preproduction t e s t  articles.

*Contr,,ct number F33657— 68—C—l271
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Applicat ion of the economic adjustment  factor  (1 .428) results in an est imate

of $2 ,624 mill ion in $FY 77 .

3.3. b. ~-‘q~aisi tio n Costs

This section presents the procedures used to adjust historical

APQ-122V(5) system and component cost data to SEMR—equivalent APQ—l22

cost estimates in FY—77 dollars. In order to develop estimates comparable

to the SEMR acquisition costs reported in AFAL TR—77—27 , adjustments to

historical cost data for APQ—l22 V(5) radars are necessary to reflect:

o equivalent functional systems

o progress curve d i f f e r ences

o economic escalation
Background information for these three adjustments follow .

The pr imary source of APQ—122 V(5) system level cost informa t ion

is Table 7. The direct source of this table is reference 11 while the

indirect source is a Texas Instruments submittal to tile ASD program office

in 1971. The cost per system for a quantity of 2000 systems in Table 7

I s $49 ,800.

TABLE 7. A PQ—1 22 V (5) COST DATA EXTRACTED FROM
AFIT THESIS GSA /SM/73—8

QuantIty Cost Per Delivery of Sets
System Per Month

100 $71,500 15
200 64 ,500 20
300 63 ,800 25
500 58 ,200 25

1000 53 ,600 35
1 500 5],700 40
1865 50 ,50() 45
2000 49 ,800 50
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Th is is the same figure tha t was used by TI in a published economic

analysis  of the  APQ—l22 V(5) acquisition program versus APN—59X modifica—

tion program , (Reference 10). That TI analysis was thoroughly reviewed

by many segments of the Air Force (AFSC and AFLC) during the 1972—73 time

period . The use of the $49,800 amount by TI in Reference 10 supports

the use of Table 7 in this analysis.

The information In Table 7 is for full APQ—l22 V(5) systems.

The def inition of SEMR—equivalent APQ—l22 systems was established in

the previous discussion of tile LRU confi~ urations. Thus , adjusting f ul l
APQ—l22 V(5) system costs to SEMR—equivalent system costs was the first

adjustment necessar~’.

Regression analysis of the information in Table 7 indicates

tha t the cost—quantity relationshi p appr ox i ma tes a 92~ progress curve .*

The SEMR estimat es developed in AFAL TR— 77—2 5 were based on a 9O~ pre~~ress

curve. The Impact of a 2% differences can be seen from the hypothetical

example in Table 8. Because of the progress curve differences , it a:~~cars

appropriate t o  adjust the quoted costs using a 90~ factor. In comparing

the 92~ versus 9fl~ factors , it is assumed tha t the value used by a

bidder is mor e a function of m a n u f a c t u r i n g  m a n a g e m e n t  e f f i c i e n c y  and ~f

compet it Iv force- ; in the market place than a funct ion of t h e  de s i gn -

The effe cts of the ‘~O’~ assumption will be shown in the sensitivity anal ysis

section.

*This Inipi lee; t h a t  ev e r y  t iflH the p r o d u c t  ion quant i t\ ’  d o uh i  1-s t he  av i . r age
u n i t p r i c e  at  qua r t : i t y  2 decreases to 92% of  t i le  a ver a g e  u n i t  p r i ce
a t  q u i n t  i t y  1
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TARLE 8. HYPOTHETICAL EXAMPLE FOR PROGRESS CURVE IMPACT

First unit cost = $200,000
!jtPC/~ n2Average unit cost first unit cost x (quantity i)

at quantity i

For progress curve values (PC) of .90 and .92 the quantity
unit costs are:

Quantity PC .90 PC = .92 % Difference

1 200 ,000 200 ,000 ——
2 180,000 184 ,000 +2.2

162 ,000 169 ,280 +4 .49
100 99 ,31 7 114 ,932 +15.72

500 77 , 7 6 - 4  94 , 702 +21. 78
1000 69 ,987 87,126 +24.49
2000 62 ,989 80 ,156 +2 7.25

The third a d j u s t : - ’ - n t  to the quoted APQ— 122 V ( 5 )  costs is that

for economic escalation. The SEMR cost analysis was based on FY—77

dollars. To convert Fv—72 doll ars to FY—77 dol li rs , the previously developed

factor ot l. 42~ w ill he n;~&-d in t h e  baselin e anil vsis . The e f f e c t s  o~
this fact or will al so he Ion s i~Iered in t h e  s& -nsi t iv it v anal vsis -

In summary , the pro cedure used to make the above a d j u s t m e n t s  to

the quoted A PQ— 122 V(S) costs Includes the following steps:

1. Determine distrib ti t ion of s’-;’em level adjustment fact ‘-s by
subt r a c t  ing appr upr i i t e LRV level cost distribution f~ic  ~ors.

2. DetermIne SEt-fR—equivalent sYstem level a d j u s t m e n t  f a c t o r s  by
subtracting appropriate LRU l eve l  cost  d i s t r i b u t i o n  f a c t o r s .

3. Compu t e  q u a n t i t y — b a s e d  s v s t t - ~ c o s t s  f o r  S E M R — e q u i v a l en t
systems u s i n g  <hY~ prog i  ess c u r v e  ( i n  l i e u  of 92% curve used
by TI )

4. I n f l a t e  q u a n t I t y  based sy s t e m  costs to FY—77 base.

5. Compute t o t a l  acquisition cost for each f o r c e  o pt i o n .

25
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The app lication of these steps to the historical dat-i is described in detail

in the fo l lowing pa rag raphs .

3.3.b.(l) Determine APQ—l22 V(5) LRU Level Cost Distribution. Data

re 1at in~ the distribution of t i le  s p e c i f i c  sys t em level cost data in Table 7

to LRU level costs was not found in the procu remen t  f i l e s  at  ASI) d u r i n g

the procurement files review. Thus , the LRU level cost distribution was

determined using data from other sources. Data from two sources

were a v a i l a b l e .  The f i r s t  Is f rom d a t a  p r e v i o u s l y  collected from ASD,’AEAC .

As pa r t  of the  p rev ious  SEMR LCC stud y, some LRU unit costs for a preJuc—

tion buy of 36 APQ—122 V(5) systems in 1974 were obtained from tile 1\ /AEAC

project engineer . A second source iS the c u r r e n t  LRU u n i t  p rocu re l  c-nt

costs for spares. This data is available from AFLC ’s DO_ !41 Recoverable

I t em Management  Sys tem (R e f e r e n c e  1 2) .  The d a t a  available f r o m  tilise

sources are presented in columns 1 and 3 , respectively, of Table 9.

The unit costs for the stabilization data generator and pii c i t

i n d i c a t o r  u n i t s  were not  o b t a i n e d  f r o m  ASD/AEAC in 1976.  The source file

was not relocated in two visits to the ASD procurement document storage

facility. However , the data in Table 9 has been used to develop LRU

level d istribut ion of system level costs by making the following assuaptions

and calculat ions:

1. Assume tha t t ile  dat ;t in column 3 of Table 9 are all based on
similar purchase quantities.

2. Assume that the ratio of the subtotals of the first se’-en rows
in columns 1 and 3 is representative of the ratio of the
respective system totals.

3. Use the ratio of the subtotals (158086/51743 = 3 .0552) to
compute the column 1 entries f o r  t i l e  stabilization data
generator and pilot ’s indicator from the respective entries
in col umn 3 (i.e. 9821/3 .O5’d = 1212 .)

4. Compute column s 2 and 4 in Table 9 by dividing each rot-: in
columns 1 and 3 by the respective totals.

5. I n t e r p r e t  columns 2 and 4 as LRU level cost dIstrIbutions of
APQ—1 22 V(5) system level costs.
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TABLE 9. DISTRIBUTION OF LRU—L EVEL COSTS

Column 1 Column 2 Column 3 Colu mn 4
Component FY—74 Cost Distribution FY—78 Cost Dist’-ibutlon

(Q = 36) of Column 1 Per Unit of Colum-t 3

An tenna 14589 .2423 38~ . ‘ .2094
Elec tronic Control

Amplif ier 5154 .0856 18198 .0989

Rec—Trans 14696 .244 1 453 15 .2~.63
Radar Set Control 1250 .0208 6001 .0326
Sweep Generator 4289 .0712 1491 7 .0811

Nay . Ind icator 
- 

11401 .1893 33661 .1830
Ant enna Control 364 .0060 14 72 .0080

Subtotal (51743) (158086)

Stab Data Cen. 3212 .0533 9821 .0533
Pilots Indicator 5261 .0874 1611?4 .O~ 74

Total 60216 1.0000 183972 1.0000

Sources: Column 1. Data from ASD/AEA collected during SEt’~ LCC Study

Column 3. DO-Lu records at Warner Robins AIC.

Noti : Last two entries In column I are e s t i m a t e d  f r e t ;  co lumn 3 d a t a  u s i n g
ratio of subtotals.

3.3.b.(2) Determine SEMR—F quivalent System Cost Adjustment Factors.

The C—1 30/C—l35 SEMR— equicalcnt APQ—122 system has been defined earlier as

the APQ-122 V(5) system ic-i s the antenna and s t ;ih i li ;~ it ion data g e n e r a t o r

u n i t s .  [s ing t u e  data in columns 2 and 4 of Table 9, two system 1 evc-~ cost

a d j u s t r l n t  f ac t o r s  Can be computed as f o l l o w s :

1. Us ing  co lumn  2 of Tab le  9 , tIn, cost  o f a ‘—1 30 / C—i  35
e q u i v a l e n t  s v n t e m  is . 70Y4 of t h e  f u l l  A P Q — 12 2  ~ (5 ’) sy s t e m
cos t .

27



- - -~~-•-- ~~~~~~~

Where .7044 1 — contribution of the antenna — contribution
of the stabilization data generator.

= 1. — .2423 — .0533

2. Using column 4 of Table 9 , the cost of a C—130/C—135 SEMR
equivalent system .7373 of the full APQ—l22V(5) syste~n cost.

Where .7373 1 — .2094 — .0533

The C—14l SEMR—equivalent APQ—l22 system has been defined earlier as

the APQ—122V(5) system less the antenna , stabilization data generator , and

navigator indicator units. In a manner similar to that presented above for the

C—130/C—l35 confi guration , t w o  system level cost adjustment factors can he

computed :

1. Use of column 2 of Table 9 results In a computed factor of .5151.

2. Use of column of Table 9 results in a computed factor ~f .53-.3.

It is assumed that since most of the data in column 1 are from

the same quantity of purchase , it is more likely a better representation of the

true LRU level c - i t  distribution . Therefore , the .7O-~4 and .5151 factors ~~~~

be used in the subsequent steps in this ana lysis.

3. 3•b (3~ Com~~i tat ion o~~~~ia nt ity Adjusted Costs for SEMR—r~~ iv ale n r Svstcns .

As discussed earlier , th~ quantit i—cost data from TI reflects the use of a 92~
pro gru-cs curve. In this cost adjustment step, the combined effects of SE~ffl—

equ ivalent system level cost adjustments and a 90% progress curve are computed.

The results of the cnt~p ut ati & ’ns are presented In Table 10. The entries in Table

10 are  In  FY—72 dollars and were computed in the following manner and sequence:

1. The first row entry In column --2 (71500), is the da ta point froa
Table 7 for t i e  quantIty (100)

2. The first row ntrv In column 3 (36827), is the computed C—l4l
SEMR—e qu lvalt -ti ? AP Q— l 2.~ syste m cost for a quantity of 100.
(71500 x .5151 36827)

3. CalculatIon of the unit c o st  of t u e first unit , given a unit
c o s t  o f  36S 7 - t t  a quantity ot  100 and a p rog re s s  curve of 92~. ,
p ro - co ds as follows :

a 28
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36827 — UC
1 

x (100)

UC
1 

— 64085

4. The second row , four th column entry (27273) , is the C—l4l SEI-IR equi”alent
APQ —1 22 u n i t  cost as computed using the  above f i r s t  uni t  cost and a
progress curve . The specific formulation is:

27273 — 64085 x (276)~~~~
9/’
~~~

2

5. The fourth row entry in column (49800), is the data point from Table 7
for the quantity (2000) n e a r e s t  the C—l30/C—135 force quantity of 1900.

6. The fourth row entry in column 3 (35079) is the computed C—130 ’C—l35
SEMR— equiva len t  AI ’Q—l22 s y s tem  cost fo r  a q u a n t i t y  of 2000

(49800 x .7044 = 35379)

7. Calculation of the unit cost of the first unit , given a unit . :st of
3507° at a quantity of 2000 and a p rog res s  curve  of 92~t, ,  p roceeds  as
follows :

£n ~i2/ ~~35079 = UC
1 

x (2000) - -

UC
1 

= 87527

8. The third row , fourth coluan entry (27782), is the C—1 30/C—l35 SEMR
equivalent AF i~— l22 unit cost as comput ed using the above first unit cost
and a ~~~ p rogress  curve . The s p e c i t i c  f o r m u l a t i o n  is:

27782  87527 x ( l9OO) ~~~~~~~~~

9. The lift 3 ; row , fourth c o l u m n  e n t ry  ( 2 7 2 1 5 ) ,  is the SEMR equiva ent unit
cost for a quantity ot 2176 C—l30/C—135 equivalent systems. The specific
formulation is:

27215 87527 x (2176 )~~~~9/’e~~

However , this c o m p u t a t i o n  Inc ludes  the  cost of 2176 navigation indicators
while  onl y l9~3O are needed.

10. The sixth row , fourth column entry (26720) is the result of adjusting
the 27215 amount comput ed above to delete the c o n t r i b u t i o n  of 276
unneeded indicators. The calculations used are as follows :

29
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a. Navigator ’s indicator data:
o reference unit cost at quantity of 2000 — .1893 x 49800 9— .27
o computed first unit cost from reference poin t 23522

• o computed unit cost at quantity at 1900 (90% curve) 7466
o computed unit cost at quantity of 2176 (90% cu rve )  7314

b. System level adjustment:
Total cost at 2176 2176 x 27215 where 27215 includes 73~ L~ fc~ the
ind icator .

Adjusted total cost at 2176 2176 x (27215—7314) + 1900 x 74~~f-
— 57 ,489 ,976

Average svst A -r ; unit cost at 2176 = 37 , 489 , 9 7 6 / 2 17 6  26420

TABLE 10 . (1~ AN’2TTY COSTS FOR ~~~~~~~~~~~~~~~~~
SYSTI:>IS (F? 12 $)

— ~~~~ ‘ . - - —-— _ “ , r  ~—— --~—~r---.~_ - - —  —— - ,— —- - -
~~~ _— —

Column I C o l u m n  1 C o l u m n  3 Co1u~~ -,

- Quot ed l~Y— 72 Ad just ~d ~v;;t e :~ Comput ~Q u a n t i t y  U n i t  Cost Un it Cost Cost  — FY—

100 71500 36827

276 27273

l9-~2 
277g2

2000 49800 35079

2176 27215
26720*

*Ad -just ed for onl y l~ 2C’ ~a~-1 gators Indicators.

3.3.h.(4) Economic F s c al~~t i o n  The economic  e s c a l a t i o n  of the data in

column ‘u of Table 10 represent he thIrd adjusr rrs -nt of APQ—l22V (5) der ived cost

est im at es  fo r S!-M}~— A -q uI v il ent At’ Q— l 22 system cost estimates . All ti le prevlo;:s data

has been stated in F? 72 doll ies . htv elopme nt of a 1. 428 f a c t o r  for c o n v e r t in g  FY 72

dollars t o  F? 77 dollars was des cribed earlier. Table 11 reflects the  app l i c a t i o n

of this escalation factor te Stop 3 results.
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TABLE 11. ECONOMIC ESCALATION TO $FY 77

Quantity FY 72 Adjusted Conversion FY 77 Adjusted
Unit Costs Factor Unit Costs

276 27273 x 1.428 — 38946

1900 27782 x 1.428 — 39673

2176 26420 x 1.428 — 37728 

*Includes cost of Nav iga to r ’ s I n d i c a t o r  fo r  1900 un i t s  on ly .

3.3.b.(5) Force Level Estimates. Force—leve l SEMR—equfvalent APQ— 122 system acqul—

sit i ’ n  Costs are c o m p u t e d  by multipl ying Table 11 r esu l ts b y the  approp r i a t e  quantities.

The r e s u l t s  of t h is m u l t i p l ic a t i o n  are  shown in Table 12.

TABI.E 12 . FORCE—LEVEL ACQUISITION COSTS ESTIMATES

- . , .tr ~~ ,* S S . a S Xfl -Z *- -S fl -* S~t S_~ 

F o i c e  Opt ion Qu Int i t v  of .SEMR -E q uiv a l en t  Force—leve l
Sys tems  R e — APQ—122 System Acquisition

___________________ 
Cost__(FY77) Cost__(FY77 )

C—130/C--135 1900 x $39,673 = $75.379M

C—141 276 x $38,946 — $1O.749M

(‘OMF- 1~~ 21 76 x $37728 = $82.096M

3. t .~~ Rot r o t  i t  ( o c t

Retrofit costs esti ma tes for the APQ—l22 system reflect the use of

- ,•l;~~L, - -\i~~ - f l t  wiring . However , da t a  f r o m  r e f e r e n c e s  8, 10 and 11 indicate

Lit a c. t ‘ t i  t kit w a;  requl r et  for the APQ— l 22 LRU ‘s to at tach to the APN— 59B

ph y sic al r e - t t u i n t s .  Thi - ret ru - , retrofit cos t s estimates i n c l u d e  labor and hardware

(lSt -

1 .  
~~ __~~~1I:: -

- —a-- — .  - ----~~~ - - - - 1rw~~~~~ UJ, ~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~ ~~~~~~-- — -



References 10 and 11 estimated that 60 hours of labor would be required

per aircraft for a complete APQ—122 V(5) system. This value is adjusted for

SEMR equivalent systems using the previously developed . 7044 and .5151 f a c t o r s .

A $20 per hour rate was used for retrofit labor in the SEMR LCC stud y and it is

used in this study.

Retrofit kit cost data ~in d e s t ima tes  we re adj u s t e d  in an a n a l o g o u s

manner as tile system level acquisition costs. Tile reference data for APQ— 12 (5)

retrofit kit costs is reproduced in Table 13. While t h i s  specific data wore

e x t r a c t e d  f r o m  R e f e r e n c e  11 , the sane values were again found In the contrac t irs

report (Reference 10).

TABLE 13 AI~~—l22V (5) GROG!’ A TNSTALLAT I UN KIT COST DMA

v Unit Cost

100 1,489

500 1,248

1000 1, 140

2000 1 ,046

Adjustments to Table 13 d at a for equivalent systems , progress curve

differences and economic escalation were made u s i n g  the  same p r o c e d u r e  detailed in

the Ai-qui s it Ion Cost sul section. Table 14 summarizes the retro fit kit cost adjustments.

Table 15 summar izes  tile r e t r o f i t  c o st s  es t imates  f o r  SF 1 I R — e q u i v a l en r  APQ— l22
syst -ns .

32
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TABLE 14. ADJUSTMENTS TO REFERENCE RETROFIT KIT COSTS DATA

Quantity Reference SEMR—Equivalent Progress Economic
Costs System Adjust— Curve Escalation

_________ 
ment A4j~ stntent Adjustment

100 1489 x .5151 — 767

276 568 x 1.428 = 811

1900 587 x 1.428 = 838

2000 1046 x .7044 737

2176 575 x 1.428 821
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3.3.d.  Supp ort  Equi pment CosLs

The planned support equipment concept for the APQ—122 V (5) systems

included a hot—bench mock—up at base level and a depo t test set. Each base shop

would therefore require an additional APQ—122 V(5) system and a test harness.

Reference cost data for the test harness was again found in references 11 and 22.

The adjusted estimates for the test harness unit cost in FY 77 dollars are S10,266
for the C—13O/C—135 force (assumed 100 locations), $14,410 for the C—141 fo rce

(assume d at 9 locations), and $10 ,266 for the combined force.

Reference 22 included an estimate of $80,000 for the depot level support

equipment. This equates to $114,240 in $FY 77.

The above estimates were used 4n preparing support equipment input data

for the GEMM anal ysis as described in the GFJ-Th1 Input subsection .

3.l.e. Tra1njp~ Costs

Training cost estimates for the SEMB LCC study were made available to the

study contractors by AFAL. For both systems , most of the t r a i n i n g  r e q u i r e m e n t s  would

be for base level personnel. It is assumed that training the personnel to fault

isolate ic the relatIv el y few APQ—l22 SRU ’s would be equivalent to training them to

use the SEIIR built in test and to fault isolate the non—SEM components.

SpecifIc training cost estimates and assumptions in the SEMR LCC stud y and

ht -re are ;

o in i t ia l  t r a i n i n g  se t—up — $ 4 5 ,000
o training of m ain t a in e n c e f o r c e  — $80 ,000 (for C—l3OfC— 135 and

combined forces)
o training maintenance force — $16,000 (for C—l4l force)
o turnover rate — 50’!. per year
o force retraining requirements — 5 in 10 yea rs , 7.5 in 15 years ,

10 in 20 years

Thus , baseline training costs for 15 years are ;

C—130/C--135 and “ombined — 45,000 + 7.5 x 80,000 — $645 ,000
C—161 — 43,000 7.5 x 16,000 $165 ,000

Estimates for 10 and 20 year alternatives were computed in the same manner.
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3.3.f. CE?Q1 Input Data

As noted earlier , the Generalized Electronics Maint enance Model (GFMH )

computer  p rogram was used to  compute  st -v &- ra l  of t h e LCC c a t e g o r i e s .  A general

d e s c r i p t i o n  of the GEMM program is p r o v i d e d  as Appen dix  A of this  r e p o r t .  The

principal reference for the Ch~1~-l compu te r  program ( R e f e r e n c e  14) p rov I d e s  a

description of the model and servu-s as a user ’s guide for organIzing input data.

( Information comparing GENM to o t h e r  l i t e — c v c h -  and log i s t i c  suppor t  cost mode ls

is also available in Re fer ences 22 and 23. In ~hc suls;ections of th is sect ica , t Ie

assumpt ions  and d a t a  used in preparing input to thic GEMN program are discussed. The

assumptions and data In t h i s  se~ t ion arc det~’iied xten shi ’ns 01 the sstim level cost

da ta. Tho gene ra l  a p p r o a c h  rem Ins that of adjust m U  hi St  or ical data.

3. 3.f . (1) I.int’ Rep lacea b le l o t  PaIn . The ident i f i c i t i o n  of tile lR ’ ’s in t ’~~ sn-n--

equivalent APQ—122 svst t-ms was established in Table 4. The dit fc-rence tt ~~- : , e m  the

C—1 30/C— 135  coof ig n i t i o n  and th e ( — 1 . 1  conf Iguration is tnt d e l e t i o n  of th e i l V lU ~~ t ( ’ l  S

indica tor in the C—l~~l. Table 16 presents tile l~Rl. level d a t i  used In  thi s a:~a1vsis .

Each column is described below .

Column 2, A and B , Table 16.

These columns re fit-c t t e  distribution of the C—130/C— 13h system

level cost of $39 ,673 to the 1.Rl ’s. As developed p r e v i o u sly from Tabl e .,  the

seven LRIT ’s represented •71144 of the full APQ— l22’~’(5) system cost. The entries in

Column 2A refle ct the nor m .ili- td distribution ot LRt1 costs using systt-n level percentages

from Table 9. (Examp le: .0856/.7044 = .1215 tor tile Electronic Control Amp lifier).

The entries In Column 2!~ are the ri-suits of multi p ly ing Column 2~\ by the system level

cost , $39 ,673.
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Columns 3. A and B, Table 16.

These columns reflec t the distribution of the C—141 system level cost of

$38 ,946 computed in the same manner as Columns 2, A and B. The six LRU ’s have been

shown to represent .5151 of the full AFQ—122V (5) system. For examp le , the Electronic

Control Amplifier represents .1662 ( .0856/.5151) of the C—141 confi guration cost

and the LRU cost is computed as $6,473 (=.l662 x $38,946).

Columns 4. A and B , Table 16.

As shown in Table 4, the combined forces application (C—1 30/C—l35 and C—141)

would result in procurement of 2176 units of each LRU except the navigator ’s indicator

where 1900 would be needed. Thus , the navigator ’s indicator cost for Column 4 should

be the same as in Column dB. The remainder of Columns 4A and B are computed in a

manner similar to Columns 2 and 3. The navigator ’s indicator cost of $10 ,660 refl ects

28.25% of $37 ,728. Column ~ .\ can be comp eted by mult i p l y ing Column 3A entri t s

by .7175 (a 1.0 — .2825). For examp le , the electronic control amplifier entries

become .1662 x .7175 = .1192 (4A entry) and .11 92 x 37,728 = $4 ,497 (413 en try).

Column 5, Table lb .

The inform ation in this column was obtained from Texas Instruments (TI)

(reference 13). The data r ep r e s e n t s  t h e  p r e d i c t e d  f a i l u r e  r a t e s  f o r  the respect ive

IRU ’s. TI also provided predicted failure rates for the excluded components of the

APQ—l22\’(5) system. The TI total system failure rate was 3062 x io 6 failures per

hour ( 3 2 7  hour  ~TltF3 . This d a t a  is c o n s i s t e n t  with tu e reliability information used

in the SEMR LCC analysis.

Co l umn 6, A and B , Table 16.

The entri e s in thest- co lumns  r e f l e c t  the re1a~~ive distribution of the system

- -4 38
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level failure rates (C—130/C—135 in Column 6A and C—14l in Column 6B) to the

LRU ’s. It is inLeresting to see how closel y these parallel the  s y s t e m  level

cost distribution.

Column 7, Tabl e 16

The mean time between failure (IuITBF) for each LRU is the reciprocal of the

failure rate (1/288 x io —6 = h~7 2 ) .  Tile ~ L MR-e qu iva lent sys tem MTBF ’s are  410.5 and

582.4 hours , respectively, for the C—l30/C—135 and C—1 41 systems .

Co lu mns R~ A and B , Table 16

The C P~I~i model req t i  i ri -s a svs I em level ri pa i r time da t a v~i I ue and a t ime

to remove and r~-p laee each !R1’ . Values u - i d in r - f c r Ilci - 1 s-i - ri based on ~U! - Il pre—

ii ii t I O U- - . The pr i diet ~d Al’~ — 1 22; (5) sy s t e m  level repair time of .833 hours --as found

in re t- rence 9. LRI p r o d  i c t ions se re not ound . The r i! or • dat a retrIeved in the-

AF M 66— 1 m l  j o t  ~-nance  l i t  ~ c o i l  e t i on 5 \  ~- t a - and report ed in t h e  K05 1 data p~ odue t

f o r  t i  A P~~— l.~ 2’. (5) s- - ten wi l~~i- used to i t  imaic the I R U  r i -mo v i - a n d  ri -pi ace  t O i 5.

The r i - p o r t e d sy u t ~ -: level t i m -  was - .10 hours . The r i - I - o r !  ~ d LRU o u — e q u i p n i i - o t  ri pair

t a - s  a r i  shown i n  en 1 umn s-\ o t  -Lil 1 e 1 h - T~ie  r epor te d I R I  t i me~-. s~ re ad t i  ed t o  a

surrogate pr -d i ct -d value by  m u l t  i p l v i n c  t h e  r ep o r t e d  v a lu e  times t h e  i- a t  io  of the

s’~st em li-vel prcdi~ t e d ‘r e p o r t e d  ~TTR (. 833/2 .10= . 3967) . For examp le , for th~ first

Li~iI , 3.9k. lYti7=1 55

Column 9, Table 16

The di~t i in colurin s ~~- and  B r i -present 1 u -pot r e p a i r  cost f o r  each LRU

(Column 1 ,) and he dc1 :tanaours for rep-i ir (Column (11!). In order to jdent i v

~-~~~i r  m a t  i , i  c o st s , ii i s n ~- ~es-;,rv ti -~ i l i t rat- I t h e  l abor costs out ‘f t i e  r ep a i r

ro~ ts . Wi t a r  Robins ’ .t i :idar I i dior rate I or FY78 was  $12.51 7 per hour. Ccl umn 9C

entries are i np u t ed by multi p 1 v ing (el umu 913 cut r let; by 12. 51 7, suh t m c t  log he p rei u c

t rot’ Column U\  ,-n trt , - ; , and d ividin g the r tnaindi r by 1.068 to r e t  li - ct dc—escal ation

t FY7 ’ . h- xam pl- - , F e c ~~r - : ~~ (on tril \ap li fler , l 2~~h [1681— (28 x 12.517)]/1.068)
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The manner in which l~RU material repair costs are captured in GEl-CM is

discussed later.

Column 10 , Table 16

The we igh t  of cac t i  LRI’ is shown in Column 10.

3.3.1. (2) Mod ule 1 ce- -l l i ata . Development of module liv id data to reflect p r-~dic tt’d

reliahi Ilty failure ran -s and lat h e quant it y procurement costs involves allocating

th e LXI! lev el data from T a b l e  16 to the repairable and discard— ;t— t ailuro modules.

llii- r et O t t , in Table 17 , the module level data is pre sent d in indentures stv~ c un d e r

each LXI . The IRI li-vo l d i  ii is res at id vi;cre Ipp ron rl.1 . The ass ilm.p t I ca~ ~nd

procedures used i n  di - ’ e l ’ p i ng Ta ii e 17 n t r  ies f o l  low .

Column 3, Tal le 17

The entr Ies in t h i s  c o l u m n  a r  t u e  nodule unit procurement cost u t  a tract

A P LC ‘ S I - i t — ,  1 ( :  or r e p  i r t l i t  m i l u l  e- -~ and h — 2  (for disca rd—at—failure modules) data

Systems . i l i t  t i  t i l  of this eel u nit for each IXi ’ is shos-n in p a r e n th e s e s  on tia LRV line .

Column ‘i . l il’le 17

This co lum n r e flects ti ~ d l - t  rihution of t i l e module unit co S t s  as

fractions -f th~- (;~~i~~~n 3 t i i i .  (For example , lin e 1.1 entry .1423 = 1575/11068.)

Exceptio ns occur en I m i s  7 .1 3 , 7 . 1 - ~ , and 7 . 2 1  wh i c h  r e p r e s e n t  i de n t i c a l  m o d u l e s

to  l 1 t u c ~ -. . l 3 , 4.11 , and 4.12 , r i - sp i - c t i v i l v .  For these t h r ee  modules , the unit

coats conpu~cd for 1 [n- -a 4.13 , - 11 , and 4.12 art - used dire ct lv in lines 7.13 ,

40
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7.14 , and 7 .21 . The sum of these reference unit costs is subtracted from the

total for item 7.0 (2ulll— 2?23 = 23888) and m e  new total is used to determine

the distribution . (For examp le , l ine 7.1 entry .1885 4503/23888.)

Column 5, Ti lli -  17

The entries lit this column a re  computed  by m u l t i p l y i n g  t h e  factors in

Columm 4 times the LXII lt~~el ci’st lor the C—1 3 0 /C —1 3 5  case (Column SA) , the C— l i d

case (Col umn SB) , and t h e  combined  f o r C e  case (Co l umn SC). I x i i-p t  Ions occur In

LRU 7, w h e r e  t h e  costs arc common f -~-t u -~-~ n the I irst and last case are n o t  i n c l u d e d

in the C—l 4l case. The module c o s t s  f o r  l i ne s  7 , 11 , 7 . 1 4 , and 7 . 2 1  a re  equa l  to

h ea t -  on l ines  4 . 12 , 4. 13 , and ~ . 11 ri-sp ec t iv e lv  . The number in p a r e n t h e s i s in t i le

LXII l i ne s  is t h e  LXII u n i t  i ’ t  f r o m  T a b l e  16 of t h i s  r e p o r t .

Column 6 , Tab l e  17

The tn t ties in this column ar e  t h e  h i s t o r i c a l  demand r a t e s  per  100 hou r s

f i r  the n o d u l e s  is reported in the 0041 system . It is assumed that t i . - r e l i t  lye

dist rU-ut ion of these d e l a a l l - I  rates, among an LRI’ , is propor tional to t i u t ~ d i s t r i l ’ t ~t io n

st t h e pi ed ict c i  reliabilit y for each module .

Co l umn 7 , Table  17

The adjust .-d f a i l u r e  rates in this column are computed by multi p lying

Column 6 data by the  r a t i o  of the sum of the Column 6 data over the LXI’ f a i l u r e

r ar e  f r o m  Table  16 . (For -xari p !~ - , line 1.1 entry 42 .0078 x [2881.0533).)

C o l u m n  8 , T a b l e  17

The entries in this column are the reci procal of the entries in Column 7.

c t  tile il cula t ions f~-r bo th  Columns  7 and 8 wi-re dent- in sequence using a hand

‘al u l i t o t . l o l u m n  7 data were rounded off b r  report ing purposes , thus Column 8
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data cannot be computed from the reported figures.)

Co l umn 9 , Tablc 17

Repairability of the  modules are shown in this column using the code :

R = r e p a i r a b l e , OAF = discard—at—failure.

Column 10, Tabli- 17

The ri -pa i r t imes shown in this column were extracted from the DO—id

syst&-m.

Column II , Table F

The aver iCi- m o d u l e  wi I g ilt  for each module was computed by subtract ing

107. of the IRU we i ght (for a chassis) and dividing the remainder by the number

of modules in the LXII.

3.3. f . (3) Part l evcij~ j~nt Data. The input d a t i  for t hi ( 11MM c o m p u t e r  progrim is

s t r u c t  t i r e d  t i i  cap ture d-p ~- t l eve l  repair material costs i t  t l u e  p i t - c e — p a r t  lovel.

The procedure for doing t h I s  in v o l v e -  identifying t h e  cost and rel iab ll it s ’ of part

classes and Idc-ntifving how many units of each part class are in each SRIi . If the

SRU in  d e s i g n a t e d  by tile i n p u t  as be ing  r e p a i r e d  at t h e  depot  l eve l , t h e n  p a r t s  are-

consumed and accounted for in tile replenishment spares cat u -po ry . For the AP~~— l  22

analysis , the repairable SRU ’s were described as consisting of one part tc be re-

placed It depot level. For t h e repairable SRU ’s in a g i ven I P I , tile cost of each

hypothetical part was computed liv dividing tile average  LRU m a t e r i a l  r e p a i r  cost

(column ~C , Table 16) by the number of repairable SRUs . This procedure is based on

the assumption that when an IRU c o n si s t  ing  of repairable SRU 5 is r e t u r n e d  to depot ,

it is full of f.;lled SRII s . The reliab i lity fi gures were computed In an analogous

m a n n e r . The above account lug for repair m ater l-i l costs may he an overstatement for

the APQ— 1 22 nyst ent ; hut It does capture an I m p o r t a n t  segmen t  of the  s u p p o r t  c o s t s .

The SENR LCC analysis ref lects a h1~ h replenishment spares factor due d ire ct ly to the
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discard—at- - fa i l u re  policy fo r the SEMS . The cap tu r ing  of the mater ial  r e p a i r  cost’
for the APQ—122 is important in utaintaining consistency for  comp~ r’ibi1ity of the
analyses .

3. 3 .f.(4) Force Structure Deployment Data. Life cycle cost analyses are criticall y

sensitive to the quantity and utilization of aircraft and the number of maintenance!

supp l y organizations . The data used for these variables in the APQ—122 analysis are

p ie -eu ted in Table 18 and are identical to the values used in t h e  SEMR LCC st u d y .

4

TABLE 18. FORCE STRUCTURE DEPLOYMENT DATA

C t -~ - ~~~~~~~t~~~~~~~~~~~~ fl~~~~~~t~~~ C ~~~~~~~~ . - ~~~~~~~~ — ~~~~~~~~~~~~ - - —
FORCE OPTION S

hA IA ITI-:M C—I 30/C—135 C—i 41 (0Mb I Ph-:!)

Quaui t i t  v of Al rcr 1 t I ,900 276 :‘ ,176

A c - - - ;i H v 111 11 flours 859 ,272 257 , 112 1,11 ( , l8-~
( L i i - . ’ )

i~~’e flours i c C  1.81 3.90 2. Q7*
Oat r u t  i us ’ l),i’-
(2 1) Opi r it it i ~ l oa-

F e r  Vt - a t )

N t i m i i - i - 
~~~ ~~ 

j 
~~~ ~- ; l a n c  e 120 9 12 9

(t i l u l l  I ~ i t j e l l S  by

l t v ~ I

U t - c  I :  ; t  ion 120 9 129

B - - 100 9 1 00**

lS l)( - 1 1 1

* W i C i l t  -d l v t - r I ; 1  of  C—i 10/C—i 15 and C—i 41 rites.

** b a n e  I evi l n u mb e r  ( lo t - s  n i t  d i t  I c r  b t  W i’t f l  t ilt ’ f l u - - t and third eOt  ton  bt - t . i nse  b o t h
1 — 1 1 ( 1  and ( — 1 . 1  at-ct’s ar t - op e r a t  ~-d by  t h u  Mu i t a r v A i r I  Ift Commi nci i u i d  tI n- l u-a -
i t -vet shops v i i  I d  he s l i t  r i d .
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3.3.f,(5) Miscellaneous Input Data. Table 19 presents the logis t ics  support input

data for the GEl-Ill program which is not design—dependent. The values shown in Table

19 are the same values used in the previous SEMI(LCC study. The GEMM p r o g r a m  can

compute personnel costs on a “shared” or “ded icated” basis. “Shar ed’ Impl ies that

only the time used repairing the item will be costed while dedicated

implies that the entire salary of an Integer number of personnel will be costed.

The assumption for this analysis and the SEMR analysis was that the organizational

and base shop level personnel would be shared and the depo t personnel would be

dedicated .

3.3.!. (6) GEM~ Comput ations. The data identified in the preced ing  p a r a g r a p hs were

assembled  and i n p u t  into t h e  (;l -~~ l c u n p u t  e-r p r o g r a m  using Battelle ‘s CDC c o m p u t e r

sy s tem s . The p r o g r a m  predu~ ed co s t  c a t  e u l ’rV  s u b t o t a l s  f o r  t h e  s u p p o r t  e q u i pm e n t

i n i t i a l  and rep l e n i s h m e n t  s p a re s , manpower , and transpor tation categories.

3.3.g . Results of !l. u;e l ine LCC Analyses

The results of exercising the a s s u m p t i o n s  and p r o c e d u r e s  d i s c us s e d  in

this sect ion and executing the CEMM p r o g r a m  w i t h  the described data are combin ed in

Table  20. The f I g u r e s  in Table  20 r e p r c s t n t  t h e  baseline , fifteen year LCC estimates

f o r  SU M i l - e q u i v i l e n t  , APQ—F2 systems in t h l e  t i l r e e  f o r c e  o p t i o n s  a t  n o m i n a l  l i s t  r a t e s .

The bot tom row in Table 20 pre sent s the similarly c o mp u t e d  LCC estimate total for

the SFMR systems .
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TABLE 19. LOGISTICS SUPPORT INPUT DATA

Data Item Description Value Used

Transpor ta t ion  Time
Organizat iona l — Base .5 hrs
Bas e — Depot 120 hrs

Transportation Cost $.53/lb

Requisition Time (hrs) Parts Assemblies LRU ’s
Organ izational 120 120 240
Base 120 120 240
Depot 4 4 6

Wait Time for Repair
Organizational 1 hr
Base 2 hrs
Depot 72 hrs

Prod u c t i v i ty  Fac t o r
Depot 1.
Other .5

Safe ty Stock 
1 29Sigma 

90Pr obab i l i ty

Reorder Period
9 months

Stockage Objective Period Discards ~~ pairables
Base 1 month 10 days
Depot 3 months .5 months

Turnaround Time
Base 4 days
Depot i.s months

Annua l Personnel Cast
Organizational $ 7043
B0st Stage $10149
l1 t’~ t $18000
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TABLE 20. BASELINE LCC ESTIMATES FOR SEMR-EQUIVALENT APQ-122 SYSTEMS

(Millions of FY—77 Dollars)

FORCE OPTIONS

c— 130/C- 135 C—14 1 COMBINED

Var i ab l e s :
Life (in years) 15 15 15
Use Rate Nominal Nominal Nominal

Cost Categories:

Research and
Development 2.624 2.624 2.6:- u

Acquisit in ;  75.379 10.749 82. 096

Retrofit 3.198 .394 3.563

S u p p o r t  
~~ 

i pI~a - n t  10.574 1.328 10.171

Initial Sp a re s  10.671 1.181 10.813

Rep l u - n i s h m e n t  Spares  17 .58 0 5 .557 21. 7 7 4

M a n p a w u - t  1.184 .464 1. 478

T r a i n i n g  .645 .1 65 . 645

T r a n s p o r t - i t  ion  .04 9 .009 .065

TOTAL : 12 i .90’~ 22 .4 7 1  113. 229

Comparable SFMR
Total: 2(14.316 38.07b 225.686
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3.4 S e n s i t i v i t y  Anal ysis of Baseline LCC Results

The quantit ative results of any life cycle cost analysis r e f l ects the

combination of data from many sources and the execution of numerous mathematical

computations. Multip le data sources and assumptions introduce errors which are

compounded by the mathematical computations . Therefore , conclusions shou ld no t he
based onl y on sing le value LCC estimates . LCC evaluations should also consider tifl-

results obtained through an series of sensitivity analyses. For this stud y ,  f ive

sensitivity areas are important in preparing SEMR —equivalent APQ—122 LCC est 1 m u t ~~s

b r  comparison to the SLM f~ LCC estimates. These five areas are as follows :

1. The effects of ranges for the  operational parameters
effect ing length of service and equipment utilization rates.

2. The effects of a d i f fe r e n t  m a i n t e n a n ce  p o l i c y ,  one which  is
similar to t h e  SEMR d i s c a r d — a t — f a i l u r e  p o l i c y

3. The effects of MTBF degradation from predicted values

6. The effects of using a more conservative progress—curve
fo r  c a l c u l a t i n g  a c q u i s i t i o n  c o s t s

5. The effects of using ,i higher economic adjustment factor

Tilt ’  f i r s t  and second areas for sensitivit y anal ysis are basicall y str uctured in

nature in that the eff ects will he controlled by the structure of the LCC model

being used .tn i the relationshi ps b€-tvt-e n tile equipments design and support policy.

The f o u r t h  a n !  f i f t h  are,is of s e n s i t i v i ty  ana l y s i s  each  c o n s i d e r  c r i t i c a l  a s s u m p t i o n s

made in p r e p a r i n g  tile d a t a  f o r  t he  bas~~l i ne  LCC e s t i m a t e s .  The t h i r d  area i n v o l v e s

a critical assumption and is also dependant on the structure of the LCC model to

ca p tutu - the effects of the assumption. Result ; produced in each of the sensitivity

analysis will be present t -d separatelv~ the following subsection. The common

y.-f ercnce p o Jnt s for all are the three baseline ICC estimates shown in  Table 20.
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3.4.a Effects of Qperar ional Parameter Values

Two parameters important in all% LCC analys es are the serv ice lif e  of

the equipment and the utilization rate. Although these are related terms , there

are distinct differences in their implications. If the LCC analyses is being

performed to compare two systems and one has a lower investment cost and the other

has a lower operating cost profile , the service life value is critical to the

determination of a cross—over point. The key effect of the utilizati on rate is in

the d et e r m i n a t i o n  of spares  r e q u i r e m e n t s .  This e f f e c t  is e s pe c i a l l y impo r t a n t  when

the c om p u t a t i o n a l  process  t r a n s f o r m s  fractional requirements into the n e x t  h i ghe r

i n t e g e r  n u m b e r .  The CE!1M program used in th i s  a n a l y s i s  dot -s  a d j u s t  f r a c t i o n a l

t c~~u~~r e m en t s  u p w a r d .

The base l ine  LCC e s t i m a t e s  p re sen t ed  in Table 20 were c o m p u t e d  u s i n g  a

value ot  15 years for projected life and a nominal utilization r a t e  f o r  eac~i t o r c e

based on historical records. The sensitivity effects of tl;tse parameters were

d e t e r m i n e d  by r e c o m p u t i n g  t h e  e s t i m a t e s  us ing  10 and  20 year life periods ;,‘ i t h  t h e

fl ol: k il - u t i l i z a t i o n  r a t e  and a 15 year life period w i th  low , m e d i u m , a n d  h i g h

u t i l i tion rates. The low , medium and high rate values used ~‘ere s e l e c te d  in order

i-r ac ket the n o m i n a l  v a l u e s  and t he spe c i f ic va lu es u sed a r e shown In Tabi P1

The rt - - u l ts produced by these changes in the operationa l parameters are pre~~ nied in

Tal l. -- . P2 , 23 , and 24 respectIvel y for each force option. The imp lications of these

ri’n i l t s  will be discussed in the comparison section .

TABLE 21. VALUES OF UTILIZATION RATES USED IN SENSITIVITY ANAIYSF S

Nominal Low Medium High
Utilization Rate Value Value Value

Fot’cc Option (lirs/Day) (Urs/Day) (ilrs/I)ay) (Hrs/flav)

C-130/C-135 1.81 1 2 3

C- i’d 3.88 3 4 5

2.07 1 3 5
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3 .4.b E f f e c t s  of DiscarcL~Uintenancc Policy

As described previously, the maintenance policy for the A PQ— 122 V ( 5 )

Bystem is the s t a n d a r d  Air Force pol icy  (i. e. fault isolation and exchange of

an SRU at base level and SRU repair at the depot). Because the SEMP logistics

concept is based on S RIJ d i s c a r d — a t - - f a i l u r e , it was considered important to test

a d i sca rd  p o l i c y  on the  ~ i M ~~-eq u i va l en t  s y s t e m .  Two reasons for this were to

provide assurances that the CEMM program did not structurall y penalize discard

concepts and to verify the assumed o pt im a l i t y  of the SRU repair policy.

The effects of a discard policy on the SFMR -equivalent APQ— l22 systems

LCC estimates were determined by chang ing the m a i n t e n a n c e  p o l i c y  input  d a t a  :rom

the GE~-!M program . The b a s e l i n e  r e s u l t s  were computed  and the operation al p~arameters

were again varied. The results are presented in the same forma t as the previous

tables in Tables 25 , 26 , and 27 . As can be seen by comparing Tables 22 , 23 , and 24

with Tables 25 , 26 , and 27 , respective ]- v ,the discard policy reduces supp srt equipren t

(none required at depot level), manpower (none required at depot level), and trans-

portation (no maintenance shipments to and from depot required)* . The trnc —~~t t s

to these r e d u c t i o n s  are the increases  in the i n i t i a l  and r ep l en i s l e -- en t  spa res  cos t s .

The ct-suits of the discard pol icy do indicate a slig ht cost r*-w1c::on in

some cases. However , the pr lnt rv result of this sensitivit y test should be the

interpretation that no structural penalt y is imposed on the discard policy ~-y the

GE?~ 1 program.

3.4.c. Effects of Rel iability I’.egradat~~~n

The s rR  -equivalent APQ—l22 LCC e s t i m a t e s  p r e s e n t e d  p r e v i o u s ly  in t h i s

rep~ r t  have been c~~n p u t e d  us ing  the  p r e d i c t e d  s y s t e m  MTBF values. This was done to

maintain consistency with the previous SE~ R LCC stud ’. However , av ionic  s y s t e m s  have

*As not.-d in Appendix A , the CEMM program computes only the transportation costs
associated with maintenance. It does not capture the origina l distribution costs .
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historicall y suffered severe reliabflity degradation in operationa l use. Typically ,

MTBF values of one—half to o n e — f i f t h  of the predicted values are observed. There

are many reasons for this deg r ada t i on  ( s&-e  R e f e r e n c e  4 ). Whatever the reason ,

however , the major effect is hi gher support costs. The effects of reliabilit y degradilion

on the SEMR—equivalent APQ—122 CCC estimates were computed by multi p lying the systt-m ,

LRU , SRU , and part level M T C I ’ s by .5 and .2 , and inputing the changed data into

the GI-2-IM program. All other dita values for the hase]ine analyses were held constant.

The results obtained are presented in Tables 28, 29 , and 30 f o r  each f o r c e  o p t i o n ,

respectively. The imp lications of t b - s ’ .  r ’.- s u l t s  are discussed in the subsocLont

comparison section.

3.4.d. Ef f e c t -- ~~the t’r u~r’ss -~r-v&-

As d i s c u s s e d  in t bi i -  f o r ~~u 1a t  - n of SEMR— equi - il Ai~~— 122 acqul si : i~’.n

cost estimates , hi -a . -rft ,i l .-\b )-- 12.~V (~’.) e-~ t l r ~ i t ’. - s  s~ - 1 - o r e c -or p u t -d ~— IL- fl ’ .-ct

9(Y, p r o~~rt ’ss c u r v t -  - This ).)S done  to  b ’ .C c o n s i s t e n t  v f t h  h~ p r e v i o u s  ‘!~~t R i~~’ . 1 v s l s  -

The effects of th - ~~-~~‘. ro cons’.- r v i t cc 92% regress cur’,- ’. - can he apr’ r e x  ~~. )  t e d

m u l t ip i r - i n g  tee suh . e tal s 01 the af~ ’.-cted cost c a t t - d - 1 i L - s  11: - e s  t~ :~ - pr egr t-c s curve

f a c t o r  r a t  los  as dI - v e l o p l -d in Table 31. Th1 primar y c i t  t -~~~e: ies af~ e’. t ’ .-d l : i  -

a c q u i s i t i o n , r € - t r ’ . f l t  , ~- ii j’.~~- r i  eq u i p::x-nt , ~ud s p ) r & - i . T b i ’ . - res ult -~ of ap p 1\ -h ~~ 1 : : ’ . -

factor r I t t o  a re  shown in lable 31 . The l abor  p e r t  i e : i  of r e t r o f i t  is i n s e n s i t I v e

to the d i ft c r e t e  e - u t , f o r  s i~rp 1 i c t t v , Is n e t  segr’.-~~I t ’.-~1 in  this a n a ly s i s .
The Imp licat ions ut t b ’ . s e  rI- c u l t - are discuese d In the comparisen ~ -ct ion .

TABIT 31 . P R O C C E ~~ C1’~ VF FACTORS -\T Sd~ 1 FTC QI’ANTITIES

Pr ogrl - s s  Curve

~a1’ies for 90/ -~ I9~~C /  2 
Factor R.itI j

Q Q 
. - - Q - - f(.92)/t ( .~ ‘~))

2~ b .~~~~
3 ’ -I6 .5086 1.195

317-’• .4033 1. 207~
211 t .3l0~

) .3967
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TABLE 28 . EFFECTS OF RELIABILITY DEGRADATION ON
SEMR-EQUIVALENT APQ—122 LCC ESTIMATES
FOR 1900 C—130/C—135 AIRCRAFT

(Millions of FY— 77 Dollars)

Alterna tive Conditions

Pred icted MTBF .5xNTBF .2XMTBF

Cost Categori es:

Research and
Development 2.624 2 .624 2.624

AcquisItion 75,379 75•379 75.379

Ret rofit 3.198 3.198 3.19S

Support Equi pment 10.574 10.911 11.586

l n i t i - i l  Sp a r e s  10. 671 11. 499 14 .858

Rep 1 e u is hm e n ~ S p a re s  17 . 580 2 9 .4 6 9

1. 184 2 .368 5. 638

T r i i T n n g  .654 . 654 .645

Ttane~ orta t i n  .049 . 113 . 273

TOTAl : 121 . 9fl4 136 206 187 849

( .L I mp. 4  r a i ’l  t bi Nh
l ilt  ii: 2O-~ . ~ l 6
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TABLE 29.  EFFECTS OF RELIAB IL ITY DEGRAfl A i ’ION ON
sEMR— I-;Q t!rvM EN’r A 1’Q—I 22 LCC f-d ; v
FOR 2 76 C—1 4 1 AIRCRAFT

(Millions of FY—77 Dollars)

Alt ernative Coti dit ion s

P r e dI c ted  MTBF - ‘X N l BF

Cost Categories:

Researc’h and
D Cv L- 1 o pt r ent  2 . 6 2 4  2 624 2.6 : 1.’,

A c q u i s i t i o n  10. 749  10 .749 10 .749

R e t r o f i t  . 3 Y- ~ .394 •39 1

Support Equipment 1.328 1.328 1.32-~

Initia l Spares 1.181 1.654 3.062

Rep len i s h m e n t  S p a r & - s  5 557 8. 704 2 1 . 73 5

M-inpowc r .464 .659

Training .165 .165 . 1C 5

Transportation .009 .0 22  . 05;

TOTAL : ?2 . 4 7 1  2 6 . ? 9~ -‘4 1 .

Comparable SENC
Total: 38J)76
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TABLE 30. EFFECTS OF RELIABTLI1’Y DEGRADATION
ON SEMR- EQUIVALEN ’l’ APQ—122 LCC
ESTIMA1’ES FOR A 2176 UNIT COMBINED
FORCE

(Millions of FY—77 Dollars)

Alternat ive Conditions

Pred icted MIRE . 5XNT BF - 2XM TBF

Cost Cat~~~~ries :

Research and
Development 2.624 2 .624 2.624

Acquisition 82.096 82.096 82.096

Retr ofit 3.563 3.563 3.563

Support Equi pment 10.171 l0 .5O-~ 11.501

I n i t i a l  Spares  10. 813 11.867 19 .4 19

Replenishment Spares 21.774 36 .525  9 1 . 2 9 2

Manpower 1.4 78 2 .955 7.3 71

Trainieg .645 .150 .362

Transportation 
- 
.065 .065 .065

TOTAL: 13L 22 9  150.34 9 218 .29 3

Comparable SF.MR
T o t a l :  225.686
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3.4.e. Effects of the Economic Parameter

The primary data sou rce for  APQ— 122V (5) costs was , as described

earl ier , dated in 1971 and assumed to be stated in FY—72 base dollars. The

SEM R LCC anal ys is  was performed using FY—77 base dollars and an economic

escala t ion fac to r  of 1.428  has been used to convert the FY—72 base dollars

to FY—77 base dollars. In the previous escalation factor discussion ,

r a t i o n a l e  fo r a higher fac tor value of 1.638 was presented. The imp l i c a tion

of t h i s  hi gher v a l u e  can be computed by m’oltiplying the subtotals of the

affec ted cost categories by a factor of 1.147 (ratio of 1.638 to 1.428).

The affec t d  cost cati-gor it-s are all the categories except the manpower ,

training, and tran sportation categories. The results of using the highet

factor ~re presented in Table 33, The implications of these results are

discussed in till comparison discussion .

3.5 Comparison of LCC Estimates

The p u p o s e  ot t h i s  s e c t i o n  is to  p r e s e n t  a compar i son  of the

~C Z I - t - ]J C)e LCC estimates for t h e  SEM R and the  ~FMR— cI~l l i v l l e n t  APQ— 122 system

and to present and d i s c us s  th e  imp i L;it ions of the sensitivity anal ysis ,

d e s c r i b e d  pr ..-c-’ jously upon the compar ison.

3_ 5 _ ~i Basel j C i ’  ( - C r c - l- C l r i

The baseline LCC estimates from t h e  SEME study (Reference 1)

we re r e s t a t ed  in Tab le s  1 , 2 , and 3 of t h i s  r e p o r t .  The ba se l i ne  LCC

estimates for the SE?il~’. equivalent APQ— 122 systems in the three force options

were p r e s e n t e d  i n  Tabl e 20 . Each t a b l e  p r e s e n t i n g  AP Q— 122 LCC estimates

includes the -ornp-irable SFMR t o t a l  at  the b o t t o m  f o r  im e d i - i t e  c o m p ar i s o n .

Table l .~ sun ioar l ;t e s  t h e  c o m par i s o n  of t h e  baselin e estim ated ICC tota ls for

the  tw o  cv . t & ” ) s .  The b a s e l i n e  c o m p a r i s o n s  show t h e  LCC estfm ;i t c’s for the

SI~M R — . ’q u i v a l e n t  ,\P Q— i 22 s yst e m s  to he approximatel y 417. lower than the S FMR

1.1 ( ( - ‘ T t  I T - l i t  ‘ . 5 .  In or .h-r to v l su a liz- where the s i g n l f l c . i n t  ( l i f t  er en c e s  o c c u r ,

igilr (’s 2 , 3 , and ~ show tIII  comparative distribut ion of the LCC estimates among

e t c ,h t  c a t . - 4 - u  los in t’ ir graph form. The category subtotals in Figures 2, 3, and 4
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TABLE 34. COMP ARISON OF BASELINE LCC TOTALS

(Millions of FY77 Dollars)

SEMR SEMR—Equivalent Difference l)ifferences as
LCC Total APQ—122 LCC a Percent o~

Tota l  SEMR T o t a l

Force Option :

C— 130/C—l35  204 .316 121.904 8 2 . 4 1 2  4 0 . 3

C — ] 4 1  38.076 2 2 . 4 7 1  15.605 4 1 . 0 %

Combined 2 2 5 .6 8 6  133.229 9 2 . 457  4 1 . 0 %
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correspond to the detailed baseline estimates with the exception of the last

ca tegory which comb ines the r ela tivel y small training and transportation categories

(TRNG /T RANS.)  I t should  be noted  that the ver tical scal e fo r  F igure 3, the C—1 4 1

case , is d i f f e r e n t  than  f o r  F igures  2 and 4.

The most notable characteristic of Figures 2, 3, and 4 , is that the

acqu i s i t i on  cost is the d o m i n a n t  c a te g o r y  in each LCC e s t i m a t e .  In addition , the

SEMR acquisition cost estimate is the single  most d o m i n a n t  f a c t o r  in each LCC

distribution comparison. APQ—l22 category subtotals exceed the respective ~i:~-~
p

subcatt-gory is some cases but these slight increases do not approach in size

the large difference in the acquisition category.

Alth ough Figures 2, 3, and 4 prest- i l t  t he  i n f o r m a t i o n  u s i n g  the  cost

citegorie s used in the  p r ev ious  t a b l e s  of t h i s  r e p o r t , ano the r  t y p e  of cost  segmen-

tation Is useful in comparing the systems . After t he  a c q u i s i t i o n  of a sy s t e m , i t

Is the total cost of the support t h a t  is of interest , no t just the subtotals of the

various categories . A lo g ical approach to assessing the i~:pact of the dif ticr ’ .-nt

desi gn concepts upon the total support costs is , therefore , to segment the l a s t

six categories in Figures 2, 3, and 4 into two subsets: initial log istics costs oni

r e c u r r i n g  l o g i s t i c s  c o s t s .  To do t h i s , t h r t ’ 1- s u b s e t s  of  t h e  cost c a t e g o r i e s  are

d e f i n e d  as f o l l o w s :

0 ~~~uIsition costs include the research and development

cost c a t e g o ry  and the  I C q u i s i t  io : i  cost cate~ or\- .

o Initial lc~~L :tics Co sts ate those which are incurred to

In stall the systems and to provide a support structure.

For purposes of this discussion , initial logistics costs

will he defined as consisting o f :

1) r e t r o f i t  costs

2) initial support equi pment costs

3) initial spares costs

where the retrofit and Initial spares contributions are the res-

pective subtotals alread y Identified and the initial support

equipment costs are derived from the support equipment category .
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o Rer ’rring ‘ h . s t ic s  cos t s  are  those costs which are incurred

as a r e s u l t  of o p e r a t i n g  and m a i n t a i n i n g  the  sys t em.  For
purposes of this discussion , recurring logistics costs will be

defined as consisting of:

1) re curring support equi pment costs

2) rec ur r i ng spar es

3) manpow er

4) t r a i n i n g !  t r a n s p o r t a t i o n

where  r e c u r r i n g  s u p p o r t  equi pment  cos t s  a re  the  r ema inde r  of

the support equipment costs  a f t e r  i n i t i a l  costs were sub—

tra -t ed and t h e other subtotals arc as alread y identified .

Table 35 p r e s e n t s  t he  basel ine  LCC e s t i m a t e s  s egmen ted  i n t o  the  t~: r t -e

cost  se g t n en t s  d e f i n e d  above . A d d i t i on ~il  o b s e r v a t i o n s  o b t a i n e d  by s e g m e n tin g  t h e

costs  in t h i s  manner  includ e :

1. The ~~~ r e s u l t s  do i n d i c a t e  a p e r c e n t a g e  distribut ion

s h i f t  w h i c h  r e d u c e s  the  percentage contribution of t~~: I -

• logistics support total (initial p lus recurring logistics) .

This  shi  f t  Is o ne  of t i l ’ .- p u r p o r t e d  b e n e f i t s  of the  ~-h-~

co n c ep t  ( R e f e r e n c e  2 ) .

2.  The ~~~~~}-~ r e s u l t s  a lso  i n di c a t e  a p t r c e n t a g e  d i s t r i b u t i o n

s h i f t  betu -e ’en the i n i t i a l  and t h e  r e c u r r i n g  l o g i s t i c s

costs which reduces the  c o n t r i b u t i o n  of the  r e c u r r i n g

logistics segment.

3. Although the above observations Indicate a comparative

shifts for t h e  c u r r e n t  c o m p a r i s o n  a n a ly s i s  do not

overcome tile significant acquisition cost differenc es.

All three categories are dir ec tl y affected by the

a c q u i s i t i o n  cost  e st i m a t e s .

The sensitivity ana l y se- s d i s c us s e d  b e low w i l l  address  the implic ations of

the ~~I ’~~~- e q u i v a l e n t  A P Q — 1 2 2  LCC sensitivity anal yse-s upon the above b a se l 4-ii-

compar i sons  and observations.
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3 . 5 . b .  imp lications of Sens1tiv~~~ Analyses

Each of the five areas of the S1-MR —equivalent APQ—l22 LCC estimates

su jected to sensitivity analysis are discussed below. It is the implication of

each of the sensitivity analyses upon the above baseline comparison which is of

interest.

3.5.c. Imp lications of Operation al Parameter Variab les

The effects of changing operationa l life periods and operational utilization

rate-s on th e- Sl~ !h LCC e s t i m a t e s  are  p r e sen t ec  in Tab l &-s  1 , 2 , a nd 3. The e f f e c t s  of

the same varia . Ie’ s on t h ~ SI~~~ -equiv alent A1’ I~— l 2 2  LCC e s t i m a t e s  a re  presented in

T a h , l e s  22 , 2 3 aml 2- ’. . I- or ci mpar i ss ’ II  p u r poses , the  r e s u l t s  shown in t h e s e  s ix

t a b l e s  v t - r e  r c — d i s t r i b u t e -d i n t o  t Il e thr e e cost segments discussed pr -vi ous lv

(ac q u i s i t ion , i n i t i a l  l o g i s t i c s  and recurring logistics) and are tabulated in Tables

36 and 37, In turn , i , i l ’ i e s  36 and 37 have been  used to generate Figures 5 , 6 , and 7.

The t - ~~ - c h a r t  in i - i g t I r t - ~ 5 . 6 , and 7 , p r e s e n t s  t he  su nCoo ry  of t i le o p e r a t i o n a l

pa r a m e t e r  s t -n s i t i v l t \  a n a ly s i s  oi~ t I l e  ~-Ji LCC e s t i m - i t e s  f o r  each f o r c e  o p t i o n .  For

con-,’, i r  i - - n  • tht- hot t ~-r-~ cl ot t in each  f i g u r e  pr e -se n t s  the ~1~-lK — e q u i v a l e n t  APl~— l 22 i C C

surm:
~
tr y -

The r e s u l  s In Tahl ~s 36 and 37 and F i g u r e s  5 , 6 , and 7 s u p p o r t  t h e

f i n - h ogs  of the base] h::~- - ‘4-god son . Th e- Sh- ~-~R LCC t o t a l s  r em a in  much h i g h e r  o’;e’ r

the  r lngC- )- ot value-s consi der ed. I t  can he shoon , h owe v er , t ha t  t h e ~:h:i-:i- ~---c qul\ -a l e n t

A P Q — 1 2 2  L ( C  e st i r i : , i t , -s ar l -  s l i g h t l y  mo re  s e - n s i t l v e -  t o  o p e r a t i o n a l  p a r a m e t e r  changes .

Tb is fact Is ad dr e ss ’ -d in  the following paragraphs -

In o rde r  to id -ot fly the comp arat ive LCC s e n s i t i v i ty  t o p e rat i o n a l

parame t -rs , a common rt -f e-rc nc e scale must h4 - defined . For th i s  a n a l y s i s , t h e

ratio of tL ’- - ii 11 fe—t ime operat ing hours for each case~ to the base]  i n . ’ t Iltal

l i f t -  t 1 ’ - i -  o p e r a t i n g  hour s  wi s selected fo  t he reference scale. Table 38 prl-sents

I ] . - f a c t o ’ - c  used In  d e v i - ] o p i n g  ba se]  i n . -  t I l t ) ]  op er a t l o n i ]  h o u r s  and t h i -  ratio

f _ I l  S t  - - f o r  t h e  f i v e  a]  t ( - r n a t l v ( -  c . i ses .  N e x t , t i ) ( -  r a t i o  of t b .  LCC t o t a l  to

the h,isel m e  li T t o t a l  for o , ci, s en s i t i v i t y  I - -i s , - vas compu t -d - The ICC rat los v.-re
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then plotted aga inst the operational hours scale to capture the sensitivity of the

LCC estimates to the operational parameters. Figures 8, 9, an d 10 present the

plo ts for each force option. In each of these figures , four lines are drawn . Two

lines show the sensitivity of the different LCC estimat&-s to operationa l life

periods and two lines show the sensitivity of the different LCC estimates to

operational use rates. The p lots in Figures 8, 9, and 10 represent linear

connections between discrete data points. The operational life results are linear.

The operational use rate results ‘.ire not l4near, This non— ’inearity is the result

of the rou n ding — up f e a t u r e  in the  spares  al g o r it h im  I n  the  CE~~ p rogram.

Figures 8, 9, and 10 grap hicall y indicate steeper slopes for the Y~-~R—

equivalent APQ—122 LCC estirnat ’ .-s . The higher slopes can b~ interpreted as indicating

that the ~l~ l~~-t- iul va len t APQ—122 LCC t-stimates are more sensitive to the operational

parameters t h a n  arc the Sl-~MR LCC estimates.

3, S .d .  ~~~~j j - i t L r n s  of D 1 S C a ) d ~~ b 4 i f l t e n~)n CO P o 1 i - ~’

The S~-~ i~ LCC estimates w~-rc cemputed using a m &;i ’ill t - —l eve l discard ~t

failtirt maintenance pc~lic\’ . The baseline estim ites for Si~-b~-’-equival -nt APQ— 122

Sy st e ms - w e  re . L(COp Ut I -d  UI -  in g  a modu l e (SR t ) rC ’pLI 1 r at dcpc) t l eve l  ~)‘.1l 1U ~V . Tab l e s

2
~~
, ~6, and 27 pr i-sented the results ot  varying the primary operational paraneters

for A P Q — 12 2  sy s t e m s  w i t h  a n odu le  l, -- ’.-e l d i s c a r d  p. ’ 1 I c’.’ . F i Iu r e s  U . I 2 arid 13

show t h I t  the alt - rn )te polic y does not signi ficant1~- alter the Sl- 2-IR--equivalent

APQ— 12 LCC estimates . A~ imp lication t h i t  n-a~’ be inferred fr~ m this analysis is

t h a t  t h e  d 1 f f C - r L ~C 1ce s bet~-;~’cr i t l) e  si~ r~ Ond ~~~~~ — t - q u i v a l e n t  A 1’Q—1 22 LCC e s t i m a t e s

are not the result of the maintenanc .- p.’l icy dif !er~-nces.

3.5.e. IC f lJ ) l i r L I t iO f l i 4  of R e 1 i - i b i l i t v l)~ g r ; t d 1 I ~~cln

The ls; se llne  I L t  e st  J ’4 l t e s  t o r  bo t  I I  t l ,c  SEM R and t i l e  S 1.~b~ — e q u I ~’i l o n t

AI’Q—122 s\- --tems were computc~! using predicted HTBF f-i~ tors, Predictions were made ,

~~.- I  Re f ~- r en c t - o  1 an( 1 1 3 , in a c c er d a n c e  w i t h  HI t .  111)11K 217 p r o c - c d u r ’s
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The effects of operational degradation of the MTBF estimates were

not computed in Reference 1. This was primarily because NAC and other advo-

cates of the SEMR concept contend that fully qualified* SEMs exhibit field

MTBFs higher than predicted values. Subsequently,  increased SEM MTBFs were

shown to have little effect on SEMR LCC estimates (Reference 1, Table 22) .

However, approximately 50% of the SEMR system predicted failure rate was

contributed by non—SEM components. Those non—SEN components would probably

be subject to MTBF degradation on a scale similar to that attributed to

typical avionics (i.e. MTBF degradation factors ranging from 2 to 5). Thus,

the SEMR LCC estimates represent a “baseline” analysis with regard to relia-

bility factors.

In the previous section of this report , the effects of reliability

degradation upon the SEMR—equivalent :.PQ—l22 systems were identified. (Refer

to Tables 28, 29 , and 30.) The implications of those results can be ana-

lyzed by presenting them as a “worst—case ” versus the SEMR “baseline” results.

Thus, if the SEMR—equivalent APQ—122 LCC est!mates prepared under the “worst—

case” reliability assumptions do not exceed the SEMR LCC estimates prepared

under the predicted MTBF , “baseline”, reliability assumption , then the LCC

comparison results may be inferred to be not sensitive to the reliabilit y

assumptions .

Table 39 presents the equivalent system level MTBF estimates used

for the various analysis cases. Figure 14 presents a plot of cost ratios

versus MTBF ratios. The horizontal axis in Figure 14 represents the ratio

of SEMR—equivalent APQ—l22 estimated LCC totals to the repective , SEMR

estimated LCC totals. For this analysis, the “baseline” for SEMR , the

SEMR totals are considered fixed , i.e. the SEMR estimates are assumed
uneffected by reliability degradation . The dashed horizontal line at an LCC

ratio of 1.0 represents where the LCC totals would be equal ; points below

the line indicate a total less than the respective SEMR baseline , while

points above the line indicate a total higher than the respective SEMR

basel inc.

* Qualified in terms of SEMI’ means a SEM has a certified design , is made
in a certified production facility and with a production process under
thorough qyality control.
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TABLE 39. SYSTEM LEVEL MTBF ESTIMATES

FORCE OPTIONS

C—130/C—135 C—141 COMBINED

SEMR

Predicted MTBF 191.5* 208 193.5

SEMR EQUIVALENT

APQ—122 SYSTEM

Predicted MTBF 410.5 585.5 410.5

.5 x Predicted 205.25 292.75 205.25

.2 x Predicted 82.10 117.10 82.10

* All units are in hours.

~~

— S ~ - 
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The curves in Figur~ 14 represent the increase in the LCC ratio corres-

ponding to a decrease in the reliability. The shape of the curves are typical

for LCC analyses where costs are plotted against MTBF values. In reality , the

SEMR LCC estimates would be expected to rise dramatically over the same scale of

MTBF ratios but are shown fixed for the “best case — worst case” comparison.

Interpretation of Figure 14 reveals that the LCC estimate for the

“worst case” considered for the SEMR—equivalen t APQ—122 systems in the C—141 force

exceeds the SEMR “baseline” by approximately 9%. The “worst—case” estimates

considered for the other two force options remain below the SEMR “baseline”

estimates. The sensitivity of the C—141 case can be explained by noting that the

baseline use rate for the C—14l force is significantly higher than for the C—130/

C—l35 force (3.88 hours per day versus 1.81 I~ours per day). The higher use rate

results in a proportionately higher number of failures when the MTBF is reduced.

The preceding analysis can be used to indicate the effect of the

estimating error in the MTBF values used in the development of SEMR—equivalent that

the error could be as large as a factor of 2 and the basic comparisons would not

be affected .

3.6 Implications of Price—Quantity Sensitivity Analyses

Both the SEMR and SEMR—equivalent APQ—122 baseline LCC analyses have

used a 90% progress curve for estimating cumulative average unit costs at specific

‘1 production quanties. It was noted earlier that the original vendor quotes for the

APQ—l22V(5) system were equivalent to a 92% progress curve . If the 92% is assumed

more appropriate for a design with custom sub—assemblies and circuit boards , then

the effects of a 92% curve are important to analyze. For this purpose , the sen-

sitivity of the SEMR—equivalent APQ—l22 LCC estimates to the different progress

curve factors were computed and presented in Table 32. The adjusted results are

presented in Table 40. Even with the more conservative progress curve for the

SEMR—equivalent APQ—1 22 system , the LCC totals remain 25 to 30% below the respective

SEMR totals and the basic comparison findings remain uneffected.
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TABLE 40. COMPARISON OF LCC TOTALS ADJUSTED
FOR A DIFFERENT PROr .RESS CURVE

(Millions of FT 77 Dollars)

SEM R SEMR-E quivalent  Di f fe rences  D i f f e r e n c e  as
LCC Total APQ—122 Adjusted a percent of

LCC Totals SEME Total

Forct± Option :

C—130/C—135 204.316 153.661 50.655 24.8%

C—141 38.076 26.217 11.859 31.1%

COMBINED 225.686 168.658 57.028 25.3%

89

4
1~. 

—

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ —



1.1 . -
7
I
I
I

SEMR B A S E L I N E  I C C  ESTIMATES I
l . O~ I

I
I ,
/ COMB INED FORCE

/ OPTION

/
I I. 9 • ~~

C—141 FORCE
OPTION /

8 . — / / C— 13 0 /C— 135

i i
/
/

. 7 . . .

/
0 /
p.-. /I—

.6 ..

1.’O .~

MTBF RATIO ( L X P E C T E D / P R E O I C T E D )

F i G U R E  14 . SEMR EQUIVALENT A P Q - 1 2 2  ICC ESTIM A TES
S E N S I T I V I T Y  TO R E L I A B I I . I T Y  DEGRAI )AT 1ON

90

Al ~~ 
p.
,

— —~~- -

- .— -- - —---- - — —-— - -  P ~~~~~~ .-“ ~~~~~~~~~~~~~~~~ - ~~‘-~-
.
~~ --



- — - ,. - ~. .

3.7 Implications of a Higher Economic Escalation Factor

References and rationale for  using a FY— 72 base to FY— 77 base conversion

factor of 1.428 were described earlier . It was also mentioned that a higher rate

migh t be considered more appropriate under the assumption that manufacturing an

FY— 72 design in FY—77 would not benefit  from manufacturing technology enhancements

which could be buried in the 1.428 fac tor .  Accordingly, the e f fec t s  of using a

factor based on the wholesale price index were computed and presented in Table 34.

A summary of the adjusted results are presented in Table 41. The basic comparison

findings remain unchanged by the higher factor with the SEMR—equivalen t APQ—122

LCC estimates still 32% lower than the SEMR estimates.

TABLE 41 COMPARISON OF LCC TOTALS WITH
A HIGHER ESCALATION FACTOR

(Millions of FY—77 dollars)

SEMR SEMR—Equivalent Difference Difference as a
LCC Total APQ—l22 Adjusted Percent of SEMR
________ _________________ ____________ 

Total

Force Option :

C-130/C-135 204.316 139.548 64.768 3 1.7%

C—l41 38.076 25.681 12.395 32.6%

Combined 225.686 152.493 73.193 32.4%

3.8 Review of Hypothetical SEMR Design Changes

The purpose of this activity was to review the hypothetical design changes

to the SEMR which were described by NAC in NAC TR—2225 (Reference 6), and identify

the significant LCC implications. Of particular interest is the potential

implications upon the LCC comparison analysis presented in the preceding sections of
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this report . The hypothetical changes discussed in Reference 6 include:
o the modular power supplies would be replaced

by supplies of more conventional design in a separate

power supply assembly.
o the BITE would be replaced by a portable test

set with a resulting deletion of the remote

BITE cont rol box .
o the receiver—transmitter would be reorganized

and incorporate the electronics of the display

electronics unit.

From a LRU configuration basis , these changes would introduce one new

LRU (power supp ly) and delete two (display ei.ectronics unit and remote BITE

control box). The technical details of the hypothetical changes have not been

sufficiently defined to support a complete redevelopment of the SEMR LCC estimates.

However , the potential effects are estimated and the implications are discussed in

the f o l l ow ing p a r a g r a p hs.

3.8.a. Potential LCC Effects of Des1~gn Cha nges

The most significant SEMR design change of those suggested in reference

6 appears to be the removal of the detailed BITE sy.~tem . An analysis of the SEMR

system without SEM—level BITE capability on board the aircraft was performed in the

prev ious SEMR LCC stud y. That analysis indicated a potential baseline LCC decrease

of 7.85% for the C—130/C—135 force (Reference 1, Table 23). Similar computations with

approximately proportional results can be assumed .

The next most significant change appears to be the removal of the SEM

oriented power supply assemblies and replacing them with a conven tionall y designed
power supply unit. The effects of this change have been developed by estimating the

costs of the power supply ,init using a procedure consistent with the procedures used

in the  SEMR stud y. Table 42 presents the  data used to develop a power supp ly unit

cost. The columns and rows in Table 42 r e f l ec t the f o l l o w ing step by step pr oced ure:
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o identff’~’ subassemblies required (column 1)

o establish commercially available price for small quantities

(column 2)

o adj ust column 2 da ta for  quan tities (columns 3 , 4, and 5)
o sum to component totals

o adjuot totals for LRU integration cost (+15%)

o adjust totals for FY 77 base dollars (.8806 from Reference 20)

The commerc ial pric es are reflective of modules close in size and weight
to those described in the NAC report.

The system and modulation power supply assemblies were not separate units

in the SEMR analysis. For this analysis , their estimated costs were deterr— iried by

summing the co~.c s of the SEN ’s in each assembly, adding the card cage cost estimate

and mult iplying by the 15% integration factor. The results are shown comb1~ ed in

the first cost column of Table 43 The remainder of Table 43 develops the estimated

effec ts of the conventional power supplies on the SEMR acquisition costs for the

three force options considered . Because the system acquisition costs domiria~ e all the

other cost categories and directly influence the other major LCC components , support

equipment and spares , an optimistic * approximation of the effect on the LCC total can

be computed by extrapolating the acquisition cost reduction percentages to the LCC

totals. Using this assumption , the last column in Table 43 indicates an apDroximated

impact on the SEMR LCC baseline totals.

The restructuring of the receiver—transmitter assemblies as described in

referenc e 6 is not considered to have a significant potential effect on the LCC

estimates. No items are removed from the system and the relative complexit’: of the

receiver—transmitter unit is the same .

*Tbc approximation is considered to he optimistic for the SEMR because it is assumed

that the logistics support costs of the suhassemblies in the convential po’~:er supply

would not he more than the support costs of the relative ly rel iabl e SEM ’s Le ing

replaced .
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3.8.b. Imp lica tions of Hypothe t ical Changes

The approximated combined effects of the BITE and power supply changes upon

SEMR LCC estimates are presented in Table 44. In addition , the adjusted LCC totals

are compared to the baseline LCC totals fo r  the SEMR—equiva lent APQ- 122 sys tems . The

resul t s  presented in Table 44.
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SECTION IV

STATEMENT OF FIND INGS AND CONCLUSIONS

The preceding section of this report has described the developt~ent
of LCC estimates for a solid—state radar funct ional ly simil ar to the SE~!R

and compared those LCC estimates to LCC estimates for  the SEMR as developed
during a previous study. The estimates were computed and compared In

accordance with the procedures described in the Study Approach Sec tion of
this report and the statement of work for the study. The findings and

conclus ions of this stud y are presented in the following subsections.

4.1 Statement of Findings

The procedures and analyses of this study support the fo]lowir .~

f i n d i n g s :

(1) When us ing  da t , i  c o l l e c t i o n  and a n a ly s i s  p r o c e d u r t s and
a s s u m p t i o n s  con~~t st e nt  w i t h  those used in d i - v i l o p i n g
SEMR LCC ost imat e s , t he  ba se l i ne  LCC e s t i mat e s  f o r  a
S EM R— e q u i v a l c n t  A P Q—1 22 svstcm were computed to  be
a p p r o x i m a t e l y  -~O percen t  less than  the  SEMR LCC e s t i m a t i - - .

(2) The b a s e l i n e  LCC e s t i m a t es  f o r  both systems were found to he
¶ d o m i n a t  i’d by the  a c q ui s i t  ion c o s t s .

(3) The LCC estimates for the  SE~m - c q u i va len t  APQ- 122 sv st &rn s
wer ’.  found  t o  be si ig h t l v  r~orc  s en si t  lvi  to the oper a t  ior ~ 

—

parameters of operating life and use rate hut not to a d~~. roe
which a l t e re d  t h e  first finding stated above .

(4) The LCC - s t  imatcs for the SEMR—equivalcnt APQ— l2~ svst ems
computed using an SRI’ repair at depo t maintenan ce polic y
were found to not he sign i ficant lv changi d by an SR(T di s - .~rd—
at—failure’ poflcy .

(~~
) The 1,CC est  i~m t  es for the SEMP—cquivalt’nt APQ— 1 2~ svst ems

comput  t’d (IS I ! 1 I ~ p rod ic  t i’d Mliii V.1 1 (I ( ’s ‘.~‘c ye found to  be f t  lye
to NT RF doE r .u ( I a  t iou h o t  not to an e x t  ( n i  wh Ich won I d a f fe  -

the  11 r s t  I m d  l ug  above .

-
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(6) When using a significantly higher value for each of two
parameters critical to the cost estimating procedures (progress
curve and escalation factors), higher LCC estimates for
the SEMR-equivalent APQ—122 systems were computed but the
adjusted estimates were still found to be at least 25 percent
less than the baseline LCC estimates for the SEMR.

(7) The LCC impact of conceptually defined SEMR design changes
was found to be a potential decrease in the SEMR LCC
estimates but the approximated decrease was not large
enough to alter the previous findings of the comparison
study.

4.2 Concluslc.as

T’e pr oced u re , assumptions , and find ings of this study support the

following conclusions:

(1) The LCC estimates developed in this stud y for SEMR—equiva .ent
APQ—122 systems are sensitive to the assumptions made regard—
ing progress curve factors , economic escalation factors ,
and system reliabilit y estimates .

(2)  The LCC e s t i ma t i s  developed in t h i s  s t u d y  fo r  SEMR—equiv a en t
APQ—1 22 systems are lower than comparable LCC estimates fcr
SEMR systems o ver  the examined ranges of critical yariabhs .
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APPENDIX A

GENERAL DESCRIPTION OF ThE. GENERALI7FD
ELECTRONiC MAINTENANCE MODEL

A.l INTRODUCTION

The Generalized Electronics Maintenance Model, CEMM , is a managemen t

tool designed to aid decision makers in the development of prime equi pmen t and
its suppor ting logistics system. Implementation of this model provides the
manager with the opportunity to study the interaction of the logistic support

elements and tIle effect each element has on the system life cycle costs. The

program itself is written in Fortran IV computer language and Includes several

cost equatiC.as and algorithms addressing such categories as R&D costs, Acquisition

Costs and Logistic support costs. A feature of the GEMM is its sensitivity

anal ysis option which facilitates evaluation of alternative designs and suppor t

concepts.

A.2 MAINTENANCE PHILOSOPHY DESCRIPTION

GEMM was orig inally dev eloped for , and is most widely used , U. S.

Army Systems . in the Army maintenance philosophy, there exists 4 categorIes

or levels of maintenance: Organizational Support (0); Direct Support (DS);

General Support (CS); and Depo t Support (D). There typicall y exists a general

maintenance structure on the type of work done at each level , persons performing

the work , equipment that Is maintained and the basis of the repair action .

GE?’IN includes , but is not restricted to , this existing organizationa l structure .

To evaluate both the existing maintenance structure and alternative structures

it is necessary to classif y maintenance actions: Check—out—Equipment (COE);

Faul t  Isolate (Fl); Throw Away (TA). The units under maintenance consideration

are Components (C), w h i c h  contain Modules (M), which conta in Parts (P).

To app ly the CE?~t1 model to Air Force systems , the  following transforms

of the terms identified above are appropriate.

Levels of Maintenance:

Organizational (0) - > Fligh t Line Organization

Direct Support (OS) ) Intermediate Base Shop

-
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F

General Support (GS) ,> Intra theatre depot

Depot Support (B) ,> Depot

Units under maintenance

Components ~ Line Rep laceable Uni ts (LRU )

Modules ) Shop Replaceable Units (SRU)

Parts ) Piece parts

Part of the input required for GEMM is the specification of a
maintenance philosophy. Checking out on—equipment (COE) is the only maintenance

action that  is restricted . COE must be accomplished at the organizational

suppor t level. COE is the action required to determine that the system has

failed . It is followed by definition of a maintenance philosophy coded in

the following form: Maintenance action—unit upon which action is taken—— level

of maintenance support. For examp le , FICDS represents fault irolation of a

component (LRU) at the direct support (intermediate) level. Logically,
equipmen t must be identified as inoperable before a component within the equi pmen t

is identified as inoperable; a component must be Inoperable before a module

wi thin it is deem ed inoperable;  and a module mus t be inoperabl e before  a par t
-.iithin it is identified as inoperable. With the exception of COE,as noted above ,

any maintenance action can be achieved at any level of suppor t.

A main tenance concept is a specified sequence of decisions which

ca n genera l l y be char ted as fol lows:
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-i

~~iquipment malfunction
I is discovered

-Yes 
Replace with new systemj

[~~ault isolate to failed 1
J 

LRU at some level X1.~~~j

________Yes ~~~~~~~~plac th new LRU

Fault isolate to failed 1
SRU at some level X

2 ]

L 
_ _ _

Is SRU 
_ _ _ _

discarded? 
Yes Rep lace with new SRU J

No

Fault isolate to failed
par t as some level X

3

~1~replace par t 1
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A.3 PROGR A}t DESCRIPTION

A.3 .a .  Inp ut

Reliability and maintainability information is required for the system,

and for each LRU , SRU and part class within the system. In order to avoid data

collection for individual pieceparts, the user must classify the piecepar ts

into part classes. A part class collects pieceparts according to some appropriate

characteristic such as failure rate , cost or the like. For the SEMR analysis

is reference 4 , each SEM type was consider ed as a part class. This allowed

for the proper accounting of SEM types common to more tha n one SEi1R assemb ly

(BIT E , T&C , e t c . ) .  SRU ’s are desc r ibed as consis t ing of mul ti p le par t cla sses

(in discrete quantities per type). LRU ’s are described as consisting of SRU ’s.

The mission profile for any end item (aircraft) must also be entered .

The m ission pr of ile consists of information such as hours of operation of

end Item/day; number of days of operation/year , as well as restrictions on

maintenance shops , repai r  equi pmen t , and personnel.

Research and development costs are entered as a total cost and pa ssed

through to the output. These costs may be used to r e f l ec t the hi gher R&D costs

incurred when higher MTBF figures are desired .

Test equipment information s inpu t by type  and Cost . Maintenan ce

personnel are described by skill type and pay allowance per year.

Attrition factors reflect peace or war time conditions. Transportation

information includes distances between shops, cost of transportation/pound

and weights of ~RU’ s, LRU ’s, and systems .

Stoc kage in fo rmat ion  includes confidence levels , tu rnaround t imes ,

order—ship times , rep lenishment times, and costs of spares.

The economic life of equipment under stud y is also Input.

A.3 .b. Output

GEMN ca lcu la tes  l i f e  cycle suppor t  costs and produces o u t p u t  da ta

for  the f o l l o w i n g  ca tegor ies :



1. Test Equipment Cost

2. Spares and Repair Parts Costs

3. Personnel Costs

4. Transportation Costs

5. Training Costs

6. Inventory Management Costs

7. Publication Costs

8. R&D Costs

9. Production Costs

A.3.c. !c~~ 
Equations

The key relationships utilized internally within the calculation

portion of CEMM involve :

1. Annual Maintenance Manhour (MIMI-I)

2. Test Equipment Requirements

3. Manpower Requirements

4. Transportation and Stockage Requirements

The Annual Maintenance Manhour subroutine is exercised for each SRU,

LRU, and system to determine the Annual Maintenance Manhour (AIIMH) requiremen ts

for maintenance. AMMN is defined as (number of failures/year) x (mean time to

repair/failure) .

Test equipment is identified by “type ”. The quantity of “type i”

test equipment required for the unit under test is the annual maintenance

manhours for the unit under test divided by the number of shop hours available

per year, multi p lied by the number of units under testing per shop. The total

test equipment requirement for the entire force structure considers the require-

ments per shop and t he  number of shops per force structure .

Maintenance manpower calculations are detennir’ .id by the AMMH of the

u n i t  under test divided by personnel hours available , where AIIMII has been
previously calculated and personnel hours available data is input.

For stockage calculations , stock is subdivided into non—repairable

stock , such as parts and throw away items , and repairable stock. Nonrepairable

stockage contains the initial issue quantity (stock that accompanies the initial

dep loyment of an end i tem) , the order ship quantity (that which is necessary to

fill stockage p ipeline) and the replacement quantity (the nonrepairable stock
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located at the depot that is utilized as back—up for field stockage). Repair-

able stock contains onl y the stockage required in the stockage pipeline to

replace a failed item as it is being repaired .

Initial Issue Stock at a part icular  support shop is a funct ion of mean

demand for  the item and a given protect ion level. For the entire force s t ruc tu re ,
total stock required is the initial issue/shop multiplied by the number of

shops in a force s t ruc tu re . The total initial provisioning per force structure

is the sum of Initial Issue Stock , Order Shi p Stock and rep lacemen t stock for

each price s t ruc tu re .  Pipeline stockage is the only req uiremen t for repa irable

stock. Pipeline stockage per shop is based on mean demand for  the stock and

an Input protection level. Pipeline stock for the force structure is the product

of pipeline stockage per shop and the number of shops/force structure. Reorder

stock is based on consumption ra te .  For nonrepairable  items reorder stock is

equal to the number of failures expected in the force structure and th e l i f e

cycle p lus the number of f a i l ures caused by attrition . For repairables ,

reorder stock is the number of failures caused by attrition .

For training costs , the algorithm is:

Training costs = number of personnel skill types x Cost of Training

per sk ill type x L i f e  Cycle in years -
~ t u rnove r  r a t e .

For publication costs , the  al g o r i t h m  is:

Publica tions Cost = Cost per page x number of pages req ui red for

given maintenance action .

Finally, Research and Development costs are Input to the model .

Produc tion costs are estimated on the basis of prime equipment costs and also

passed through to the output.

A . 3 . d .  Sens it i v i t y  A n a l y s i s

The sensitivity analysis capability of CEMII has two major  purposes.

These are (1) To determine the effects that changes in key variables or changes

In combinations of variables exert on support life cycle costs, and (2)

To determine how sensitive a variable is, that is, how much system values

(e.g. MTBF or MTTR) would change when a given variable is varied over a range

of values.
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The following parameters may be varied over a range of values either

separately or in combination with others : MTBF , MTTR , Cost of Equipment ,

Test Equipment Information , Manpower Information, Weight of Equipment, Force

Structure , Transportation Information , Requisition Times, Operating Hours/Shop,

Stockage Confidence Limits , Attrition Rate, Stockage Objectives and Order—

Shipp~.zg Time, Economic Life, Training Factors, 
Inventory Management Factors,

Maintenance Policies , R&D Costs, Round up Option , Maintenance Publications, and

Overhaul Considerations. Using sensitivity analysis it is possible to obtain

different combinations of life cycle costs and operational availability for

different values of key system parameters. From these combinations of output ,

it is possible to eliminate combinations of parameters which do not meet

operational constraints.
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APPENDIX B

LIST OF ACRONYM S

AFAL — Air Force Av ionics Laboratory

AFIT — Air Force Institute of Technology

AFLC — Air Force Log istics Conunand

AFSC — Air Force Systems Command

ALC — air log istics center

AS!) — A e r o n a u t i c a l  Systems !) iv i s ion

BiTE — built in test equipment

DAF — d i sca rd  at  f a i l u r e

CE~ 1 — Generalized Electronics Ma intenance Model

CFE — government  f u r n i s h e d  equi pme n t

LRIT — line rep lac ~~ 1~ I ~ on i t

M T b F  — meati itn e between fa i  lor e

NTTR — nean t ime to r e p a i r

— N~iva l  A v i o n i c s  C er iLc r

NAF’ l — Naval Avionics Facilit y - In d i a n ap a l i s

Q — q u a n t i t y

PC — progress curve

R — repairable

SEN — st a n d a r d  e l e c t r o n i c  nodu le

SEMi’ — Standa rd  E l e c t r o n i c  Module Program

SEMR — St andard  E l e c t r o n i c  Module Radar

SRLT — shop r ep l aceab l e  u n i t

TI — Texas instruments , Inc.

TR — technical report
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